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SOME  PROBLEMS  OF  FORESTRY. 

BY 

PROFESSOR   LESLIE   B.   SEELY. 

So  much  has  been  written  and  said  during  the  past  ten  or 
fifteen  years  concerning  the  practical  benefits  and  the  pressing 
need  of  systematic  forestry  in  /^.merica  that  there  are  very  few 
persons  who  are  not  more  or  less  conversant  with  the  subject, 
broadly  considered.  The  advocates  of  the  movement  have  been 
men  of  such  strength  of  personality,  and  so  earnest  and  persistent 
in  their  efforts  to  propagate  it  that  their  claims  for  it  have  come 
to  be  generally  accepted  as  accurate  and  well  established.  Conse- 
quently, there  is  now  a  widespread  popular  belief  in  the  desira- 
bility of  a  system  of  administration  which  shall  conserve  and 
replenish  our  wasted  forests.  One  cannot  escape  the  conviction, 
however,  upon  an  analysis  of  the  situation,  that  this  popular  belief 
rests  more  upon  the  strength  of  personality  of  the  advocates  of 
the  movement  than  upon  definite  scientific  demonstration  of  the 
facts.  A  study  of  the  literature  which  has  appeared  during  the 
last  decade  on  forestry  reveals  much  of  general  statement  and 
comparatively  little  of  data  upon  which  the  statement  could  be 
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logically  based;  that  is,  the  facts  have  been  stated  rather  than 
demonstrated.  This  has  given  opportunity  to  the  opponents  of 
the  movement  in  the  United  States  for  considerable  adverse  criti- 
cism, not  only  bringing  into  question  the  general  utility  of  forests 
as  a  modifying  agent  in  the  regulation  of  stream  flow  and  the 
distribution  of  atmospheric  moisture,  but  also  with  respect  to 
the  economic  features  involved  in  the  preservation  and  replenish- 
ment of  wood  supplies.  In  many  cases  there  can  be  no  doubt 
that  this  criticism  has  arisen  among  those  who  have  been  thwarted 
in  wasteful  methods  of  production  of  lumber  or  worse  methods 
of  procuring  forest  lands  from  the  public  domain.  In  other 
cases,  it  would  seem  that  in  fairness  the  opix^sition  could  not  be 
assigned  to  any  such  axe-grinding  motives.  Without  any  attempt 
to  further  classify  this  criticism,  for  no  matter  what  its  source  it 
can  ultimately  serve  but  one  purpose,— that  of  more  certainly 
establishing  the  truth, — I  wish  to  consider  for  a  part  of  the  time 
at  my  disposal  some  of  the  general  facts  in  the  case,  and  to  show 
as  far  as  time  will  permit  some  of  the  data  upon  which  their 
promulgation  may  be  justified. 

Let  us  first  consider  the  economic  side  of  the  matter.  Is 
the  State  of  Pennsylvania  or  is  the  United  States  justified,  from 
mere  considerations  of  profit  and  loss,  in  using  the  public  funds 
to  preserve  and  replenish  our  forests?  The  contention  of  the 
critics  here  briefly  stated  is  that  the  forest  lands  of  the  United 
States  under  existing  methods  will  always  prove  a  sufficient 
source  of  wood.  It  is  true,  they  say,  that  we  are  now  using 
more  wood,  several  times  over,  than  we  are  growing,  but  the 
rapid  development  of  concrete  and  other  substitutes  for  lumber 
will  so  decrease  the  demand  in  the  next  decade  that  the  supply 
will  always  remain  ample.  If  the  money  we  are  now  expending 
for  the  preservation  of  forestry  were  to  be  used  in  experimenting 
with  these  substitutes,  the  solution  of  the  problem  of  wood  supply 
would  be  arrived  at  more  quickly  and  with  much  greater  and 
more  lasting  satisfaction.  Structural  timber,  railroad  ties,  tele- 
graph and  telephone  poles,  cars,  ships,  together  with  a  hundred 
other  articles  which  have  in  the  past  been  heavy  in  their  demands 
upon  forest  products  may  be  and  even  are  more  advantageously 
constructed  of  steel,  concrete,  and  other  alternative  materials. 
The  future  will  see  still  more  rapid  advances  in  this  respect,  and 
the  contingency  of  an  insufficient  wood  supply  when  the  next 
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generation   has   arrived   will   have   been    found    to   be   a   mere 
bug-a-boo. 

Now,  as  to  the  facts  of  the  case.  The  only  guide  for  the 
future  in  any  line  of  action  is  judgment  based  on  past  experience 
and  present  facts. 

The  United  States  is  using  at  present  23,000,000,000  cubic 
feet  of  wood  per  annum.  This  shows  not  only  a  greater  aggre- 
gate consumption  of  lumber,  but  increased  per  capita  consumption 
over  ten  years  ago. 

At  the  present  rate  of  consumption,  the  supply  of  standing 
lumber  in  the  United  States,  by  a  liberal  estimate  on  the  best 
available  statistics,  will  last  fifteen  years  or  twentv  years.  Tliis 
is  in  spite  of  the  rapid  development  of  concrete  and  steel  con- 
struction which  has  been  mentioned,  and  also  in  spite  of  a  simul- 
taneous deterioration  of  quality  and  rapid  increase  in  price.  We 
grow  three-tenths  as  much  lumber  as  we  use  and  waste:  the 
figures  being  40  cubic  feet  per  acre  consumed,  while  12  cubic  feet 
per  acre  is  grown.  Under  present  administration,  the  produc- 
tion  outside  the  government  forests  is  decreasing  and  will  con- 
tinue to  do  so.  Now,  assuming  that  we  shall  have'  to  depend 
twenty  years  from  now  upon  the  wood  actually  grown  from  year 
to  year, — remembering  that  in  the  face  of  substitution  of  steel 
and  concrete  for  wood  the  demand  has  increased  in  the  past 
decade,  and  keeping  in  mind  the  many  uses  where  wood  can  never 
be  advantageously  displaced  by  other  substances, — each  person 
is  free  to  decide  in  his  own  mind  whether  a  supply  equal  to  less 
than  three-tenths  of  the  present  demand  will  be  sufficient.  This 
problem  is  not  a  local  one,  but  is  world-wide.  Those  European 
countries  which  have  gone  farthest  in  the  substitution  of  other 
structural  materials  for  wood  are  importing  at  increasing  cost* 
large  quantities  of  lumber.  And  with  a  single  exception  these 
countries  are  taking  the  greatest  care  to  meet  future  demands 
by  systematic  forestiy.  Germany,  France,  and  Austria  are 
examples.  The  exception  is  England.  She  has  hitherto  been 
able  to  count  with  certainty  upon  outside  aid  from  such  near 
sources  as  Norway  and  Sweden.  But  even  England  has  awak- 
ened to  the  grave  problem  involved  in  her  future  wood  supply. 
In  March,  1908,  the  function  of  the  Royal  Commission  on 
Coast  Erosion  was  enlarged  so  tliat  it  should  inquire  and  report 
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"  Whether  in  connection  with  reclaimed  lands  or  other\vise,  it  is 
desirable  to  make  an  experiment  in  afforestation,  and  if  so,  by 
what  authority  and  under  what  conditions  such  experiment  should 
be  conducted."  The  Commission  reported  at  length  on  the  mat- 
ter in  January,  1909.  I  should  like  to  read  portions  of  a  sum- 
mary of  that  report  appearing  in  Nature  (vol.  79,  p.  359),  as  an 
expert  opinion  on  such  general  phases  of  the  matter  as  we  are 
considering. 

1.  "The  afforestation  of  suitable  lands  in  the  United  King- 
dom, if  undertaken  on  an  adequate  scale  and  in  accordance  with 
well-recognized  principles,  should  prove  at  present  prices  a  sound 
and  remunerative  investment." 

2.  "  In  estimating  the  profits  of  sylviculture,  account  must 
moreover  be  taken  of  two  facts — the  increased  consumption  of 
timber  per  capita  throughout  the  world,  in  spite  of  the  introduc- 
tion of  alternative  materials,  and,  further,  the  exploitation,  waste, 
and  destruction  by  fire  of  the  virgin  forests,  especially  those 
yielding  the  more  important  building  timbers.  Already  a  notice- 
able shortage  of  timber  supply  has  resulted,  as  is  evidenced  by 
steadily  rising  prices  and  depreciating  qualities  in  all  markets. 
It  seems  impossible  to  escape  from  the  conclusion  that  this  ten- 
dency will  be  continued  and  accentuated,  and  that  a  steady  and 
a  ver}^  considerable  rise  in  prices  may  be  looked  for  throughout 
the  present  century.  The  security  which  afforestation  offers  for 
investment  is  therefore  likely  to  be  an  improving  one.  with  a  cor- 
responding increase  in  profits.  But.  to  avoid  all  that  is  specu- 
lative, this  prospect  has  been  disregarded  in  framing  our 
estimates." 

The  report  then  proceeds  to  outline  in  detail  a  plan  for  affores- 
tating  a  maximum  area  of  9.000,000  acres,  at  tlie  rate  of  150,000 
acres  per  annum. 

The  same  journal  (vol.  79,  p.  371)  comments  on  the  scheme 
as  follows :  "  The  value  of  the  property  in  possession  of  the  State 
at  the  consummation  of  the  plan  would  be  £562,075,000  or 
£106,993,000  in  excess  of  the  sum  involved  in  its  creation,  and. 
allowing  three  per  cent,  compound  interest  on  the  initial  capital 
expended,  the  annual  revenue  would  be  £17,411.000.  These 
figures  include  the  purchase  price  of  the  lands  and  costs  of 
planting." 
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In  the  United  States,  there  are  168,000.000  acres  of  land 
wliich  could  be  utilized  for  forestry  by  private  or  public  agency 
without  economic  loss.  Using  the  figures  of  the  Royal  Commis- 
sion as  a  basis  this  area  would  at  the  expiration  of  eighty  years 
be  yielding  to  the  United  States  Government  or  its  citizens  the 
enormous  sum  of  one  and  a  half  billions  of  dollars.  This  does 
not  take  into  consideration  the  enormous  benefits  to  subsidiary 
enterprises  which  depend  upon  the  forests  for  their' raw  material. 

I  would  like  to  show  you  some  of  the  economic  results  forestry 
has  achieved  in  European  countries  wliere  it  is  practiced  most 
scientifically. 

Table  i. — Expenditures  and  Revenues  of  Xational  Forests,  Showing 
Higher  Productiveness  under  Larger  Expenditures. ^ 


Country. 


Total  net  rev- 
enue from 
Government 
forests. 


Expenditure 
per  acre. 


Wiirttemberg $  3.098,428  I  $2  .05 

Saxonv 2,299,000  ,  3  .  00 

Baden 829,162,  3.58 

Hesse 744,209  1.25 

Switzerland 237,663  i  .32 

Prussia 17,054,1441  1.58 

Bavaria 5,128,348  i  .99 

France 4,737,250  .95 

Italy 


Net  revenue 
per  acre. 


Hungary.  . 
Austria.  .  . 
Roumania. 
Spair 


5.313,000 
482,600 


•34 
■56 


Sweden 1,677,672  .02 

Russia 21,500,000  .01 

TT    -.t   J  C4.  ..                                    '  1905-6  i2,ooo2  .007 

Lnited  States ^  ^^^^_  ^^8_6^^  ,  ^^^^ 


$6.60 

5-30 
4.42 
4.29 

2-55 
2.50 
2  .  22 
1-75 

■33, 

•32 

.  21 

.18 

•17 

.09 

.032 

.0001^ 

.00086 


'  Prepared  from  the  latest  available  data.     -  Deficit. 

There  does  not  seem  in  the  light  of  these  facts  to  be  the  least 
doubt  that  forestry  oft'ers  an  exceptionally  lucrative  investment 
where  the  capital  is  at  hand  to  establish  it  on  a  scale  sufficiently 
large  and  when  the  returns  may  be  deferred  for  a  long  term  of 
years.  These  two  considerations — large  capital  and  long  time — 
make  it  almost  imperative  that  the  work  be  done  by  government 
agencies. 

Not  the  least  of  the  advantages  of  systematic  forestry  would 
be  the  prevention  of  excessive  waste  of  timber  now  standing, 
either  bv  fire  or  in  process  of  manufacture.     For  every  1000  feet 
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of  timber  now  cut,  320  feet  are  actually  used.  Since  1870  forest 
fires  have  destroyed  50  lives  and  $50,000,000  worth  of  merchant- 
able timber  per  year.  The  value  of  young-  growth  destroyed  in 
the  same  time  would  now  be  greater  than  that  of  the  merchant- 
able timber.  These  fires  could  positively  be  prevented  at  a  cost 
of  one-fifth  of  the  value  of  the  merchantable  timber  destroyed. 

The  matter  of  the  advantage  or  disadvantage  of  forestry  in 
the  modification  of  natural  phenomena  is  by  no  means  a  simple 
one.  Rainfall,  drainage,  and  stream-flow,  water  storage,  and 
evaporation  are  always  so  interrelated  and  so  conditioned  by 
variable  circumstances  that  accurate  data  is  very-  hard  to  pro- 
cure, and  even  with  this  given,  general  deduction  or  laws  appli- 
cable to  remote  regions  and  periods  must  be  made  only  with 
extreme  care.  Very  little  accurate  data  on  any  of  these  phe- 
nomena as  observed  in  this  countr}-  is  available,  and  forestry 
is  entirely  too  5^oung  here  to  furnish  much  reliable  empirical 
evidence.  In  Germany  and  some  other  European  countries,  how- 
ever, a  ven^  careful  study  has  been  made  of  phenomena  of  this 
sort,  and  in  many  Continental  countries  there  is  much  empirical 
evidence  as  to  the  effect  of  forests  on  stream-flow  and  related 
phenomena.  Theoretically,  the  casual  relation  of  forests  to  the 
modification  of  natural  phenomena  may  be  considered  under  two 
general  heads, — viz. :  influence  of  forests  on  general  precipitation, 
and  influence  of  forests  on  drainage.  Either  of  these  would,  if 
considered  in  detail,  occupy  more  time  than  I  can  give  to  the 
whole  subject  to-night. 

I.  influence  of  forests  on  general  precipitation. 

At  the  outset  it  must  be  admitted  that  the  influence  of  forests 
upon  precipitation  is  without  definite  quantitative  solution.  There 
are,  however,  certain  indications  both  from  theory  and  from 
direct  observation  that  forests  do  have  a  definite  modifying  in- 
fluence on  the  amount  of  rainfall,  and  that  this  influence  is  in  the 
direction  of  an  increase  in  the  downfall.  It  is  well  established 
that  the  air  strata  above  forest  stations  is  moister  and  cooler  than 
over  field  stations.  We  would  infer,  therefore,  that  the  tendency 
If)  condensation  in  a  body  of  air  moving  over  a  given  stretch  of 
land  would  be  greater  over  a  forest  area  than  over  open  fields. 
Is  this  inference  justified?  Experience  and  measurements  seem 
to  sustain  our  reasonino-. 
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Table  2. — Influence  of  Forest  Areas  on  Rainfall  in  India. 


8      j]       Mean  temperature. 

g  6  <u 

WE 

Relative  humidity.                   Precipitation. 

Name  of  place. 

p     5!  April  :  May 

Jvme 

July 

April 

May    June    July  April    May 

June 

July 

Woodless  country: 

Lucknow 

Benares 

Patna 

Kms.j 

847   j  30.1    33-3 
590   i  30.2    33.2 
445    '  30 .3     31.4 

33-1 

32.8 

31-4 
29.2 

26  .9 
28.2 

30.4 
29.7 
29.2 
28.7 

27.7 
28.5 

45.8 
45 -o 
44-6 
44.1 

35-1 
35.6 

30 
41 

36         S4         74 
60    1     81         82 

Cms.    Cms. 
0.5       1.8 
0-5       1-3 

I.O          2-5 

5.6,  10. 1 

14.8  33-6 

25.9  30.8 

Cms. 
13-3 
12.9 
i6.g 
24.2 

64-3 
39-5 

Cms. 
39-4 
32.4 
27.8 
25.8 

50.0 
40.6 

Barhampur 

Wooded  country: 

Goalpara 

Sibsagar 

270    '  29.6 

427       25.2 
555    ;  23.5 

30.1 

25. 9 
25-3 

52 

66 
81 

60         75    i     79 

1 
77    '     8s    ;     84 
82         83     1     83 

1  Mean  of  two  years. 

Unfortunately  the  altitude  and  slope  of  the  country  are  not 
here  shown.  This  incompleteness  must  necessarily  influence  the 
value  of  the  observation,  and  might  afifect  any  deduction  to  the 
extent  of  absolutely  reversing  our  conclusions  as  to  cause  and 
effect. 
Table  3. — Results  Obtained  in  Bohemia. 


Time  of  observation. 


February  to  April.  .  .  . 

May  to  July 

August  to  October.  . .  . 
November  to  January 

Year 


Station  A 

(forest  glade), 

380  metres. 


Station  B      1      Station  C 
(forest  verge),  !     (field),  380 
240  metres.  metres. 


Cm. 

15-9 
18.9 
20.  7 


Cm. 
16.2 
17. I 
17.2 


76.  2 


69-3 


Cm. 
14.9 
16.6 

15-7 
17.7 


64.9 


This  table  gives  the  average  amount  in  rainfall  for  seven 
years,  1867  and  1868  and  from  1873  to  1876  inclusive. 

In  the  years  1879  to  1886,  Dr.  J.  Studika  made,  in  Bohemia, 
the  most  exhaustive  study  of  this  question  which  has  ever  been 
attempted.  The  observations  were  taken  from  over  700  stations 
situated  at  regular  intervals  throughout  the  Kingdom.  The 
country  was  divided  into  isohytal  zones  by  lines  connecting 
points  of  equal  rainfall.  Then,  from  the  observed  altitude  and 
precipitation  at  a  sufficient  number  of  stations  in  each  belt,  he 
worked  out  the  average  effect  of  altitude  upon  precipitation.  He 
found  the  mean  increase  to  be  69  mm.  for  each  100  metres  of  ele- 
vation. He  then  used  this  result  to  determine  the  theoretical 
rainfall  at  each  of  the  700  stations  as  it  should  be  if  detemiined 
by  the  elevation  factor  alone,  arguing  that  if  the  observed  rainfall 
differed  materiallv  from  the  theoretical  rainfall  thus  found,  there 
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is  an  indication  that  special  agencies  other  than  elevation  are  at 
work.  Of  the  48  stations  sliowing-  the  greatest  percentage  ob- 
served in  excess  of  the  theoretical  rainfall  ever}-  one  was  situated 
in  the  most  densely  wooded  portions  of  the  kingdom.  A  number 
of  other  obser^-ations  in  different  parts  of  the  globe  show  appar- 
ently the  same  results.  It  would  seem  then  as  far  as  available 
facts  are  concerned  the  evidence  is  decidedly  in  favor  of  the 
theor}-  that  forests  do  increase  the  amount  of  rainfall. 

II.  influence  on  drainage. 

The  principal  factor  in  determining  the  regularity  of  stream- 
flow  with  a  given  intermittent  rainfall  is  the  storage  factor  of 
the  area  forming  the  basin  of  the  stream  in  question. 

If  the  storage  capacity  of  the  soil  and  cover  of  the  basin  is 

large  and  there  is  a  gradual  release  of  the  water  stored,  a  very 

intermittent  rainfall  may  find  its  way  into  the  water-courses  so 

slowly  and  gradually  that  there  is  little  difference  between  the 

stream-flow^  in  the  wet  season  and  the  dry.     If,  on  the  other  hand. 

the  storage  capacity  is  low,  the  water  must  run  into  the  stream 

almost  as  it  falls,  giving  rise  to  alternate  periods  of  flood  and 

low  water. 

Table  4. — Averages  of  Water  Capacity,  Expressed  in  Percentages 
OF  THE  Weight  of  the  Soil. 


Depth. 


Spruce. 


25  years 
old. 


Per  cent. 

o    to     2  inches 30.93 

6    to     8  inches i9-i9 

12  to  14  inches 19.10 

19  to  20  inches 1 8 .  40 

30  to  32  inches i7-9i 


60  years 
old. 


120  years 
old. 


•  Unshaded 
I        soil. 


Per  cent. 
29.48 
18.99 
16.07 
16.  26 
17.88 


Per  cent.      Per  cent. 


Average 18 .  65 


1730 


40.32 
19.30 
18.28 

20 .  16 

21 .  II 


22.33 
20.  62 
20.54 
20. 14 
20.54 


19.71    20.46 


If,  therefore,  the  fact  be  established  that  forest  soils  and 
covers  furnish  greater  storage  capacity  for  water,  and  if  there 
are  no  accompanying  circums'tances  sufficiently  powerful  to  offset 
this  fact,  then  we  have  made  a  good  case  for  forests  in  their 
relation  to  stream-flow. 

In  this  table  Ebermayer  gives  the  average  results  of  obser- 
vation extending  over  a  period  of  two  years.  Notice  that  if  the 
top  soil  be  left  out  of  the  consideration  the  averages  as  shown  at 
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the  bottom  of  the  table  are  in  favor  of  unshaded  soil.  If  the 
upper  layers  be  included,  however,  the  figures  are  as  follows : 
Spruce  25  years  old,  24.79  P^^  cent. ;  60  years  old,  23.39  P^^ 
cent.;  120  years  old,  30.01  per  cent.;  naked  soil,  22.39  P^^  cent. 
Hence,  taken  all  together,  the  naked  soil  contains  considerably 
less  water  than  forest-covered  soil.  Add  to  this  the  storage- 
capacity  of  forest  litter  and  of  moss,  which  is  exceedingly  high, 
ranging  from  45  to  80  per  cent.,  we  see  that  the  facts  are  decid- 
edly in  favor  of  forestry.  It  is  well,  too,  in  this  connection  to 
remember  that  for  us  in  the  United  States  the  discussion  must 
not  be  confined  to  the  difference  between  forest  soil  and  agri- 
cultural soil,  but  must  include  differences  between  forest  soil  and 
no  soil  at  all.  For,  in  many  instances,  removal  of  trees  has  re- 
sulted in  the  soil  bein§  removed  by  fire  and  flood  until  the  rock 
itself  has  been  bared.  In  such  cases,  of  course,  the  storage 
factor  has  been  reduced  to  practically  zero. 

The  two  main  accompanying  factors  are  interception  of  rain- 
fall by  the  trees,  by  which  only  from  80  per  cent,  to  86  per  cent, 
of  the  rainfall  reaches  forest  soils,  and  evaporation.  Time  will 
not  permit  me  to  consider  these  in  any  detail.  Let  it  suffice  to 
show  by  table  the  observed  action  of  the  latter  factor. 


Fig.  I. 


Monthly  evaporation  in  the  fields  (upper  curve)  and  woods  (lower  curve). 

This  relates  entirely  to  the  evaporation  from  soil  in  the  forests 
and  the  soil  under  the  average  agricultural  cover.  In  regard  to 
the  amount  of  moisture  evaporated  by  vegetation  itself  in  the 
two  cases,  it  may  be  stated  that  the  results  are  decided  in  favor 
of  the  forests.  The  amount  of  moisture  evaporated  from  the 
foliage  of  a  deciduous  forest  rarely  or  never  exceeds  three  times 
the  amount  evaporated  from  a  level  water  surface.  Evergreen 
forests  evaporate  less  than  this,  while  in  an  agricultural  crop 
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like  maize  or  alfalfa  it  may  reach  eight  or  nine  times  the  amount 
given  ofT  by  a  fiat  water  surface. 

Careful  measurements  of  rainfall  and  stream-flow  were  made 
in  the  San  Bernardino  Mountains,  California,  during  the  years 
1 899- 1 900. 
Table    5. — Precipitation   and   Run-off   During   December,    1899. 


Area  of 

catchment 

basin. 


Conditions  as  to 
cover. 


Precipitation. 


Run-off  per 
square  mile. 


Run-off  in  per- 
centage of 
precipitation. 


Square  miles 

O.  70 

1.05 

1-47 

•53 


Forested 

Forested 

Forested 

Nonforested 


Inches 

19  + 
19  + 
19  + 
13— 


Acre-feet 
36— 

73  + 

70— 

312  + 


Per  cent. 

3 
6 
6 

40 


Table   6. — Rainfall   and   Run-off   During  January,    February,    and 

March,   1900. 


Area  of 

catchment 

basin. 

Conditions  as  to 
cover. 

Precipitation. 

Run-off  per 
square  mile. 

Run-off  in 
percentage  of 
precipitation. 

Square  miles 

0.  70 

1.05 

1.47 

•53 

Forested 

Forested 

Forested 

Nonforested 

Inches 

24 
24 
24 
16 

Acre-feet 

452  + 
428  + 

557  + 
828  + 

Per  cent. 

35 
33 
43 
95 

Table  7. — Annual  Rainfall  and  Run-off  on  Forested  and  Non- 
forested  Catchment  Areas  in  the  San  Bernardino  Mountains 
California. 


Area  of 

catchment 

basin. 

Conditions  as  to 
cover. 

Precipitation. 

Run-off  per 
square  mile. 

Rtm-off  in 
percentage  of 
precipitation. 

Square  miles 

0.  70 

1-05 
1.47 

•53 

Forested 

Forested 

Forested 

Nonforested 

Inches 
46 
46 
46 
33 

Acre-feet 

731 

756 

904 

1,192 

Per  cent. 
28 

30 
36 
69 

Table  8. — Rapidity  of  Decrease  in  Run-off  after  the  Close  of  the 

Rainy  Season. 


Area  of 

catchment 

basin. 

n j:+: „  „„                                    Apl.   run-off 

to  cover          Precipitation.        per  square 
mile. 

May  run-off 

per  square 

mile. 

June  run-off 

per  square 

mile. 

Square  miles                                          Inches                Acre-feet 

0.70            Forested             1.6                153 — 

1.05             Forested              1.6                 146 — 

1.47            Forested             1.6                i66-f 

•53        iNonforested          i                       564- 

Acre-feet 
66— 

70  + 

74  + 
2 — 

Acre-feet 

25— 

30— 

30  + 

0 
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Comment  on  these  figures  seems  unnecessan-. 

Switzerland,  France,  and  Italy  furnish  alumdant  empirical 
evidence  to  corroborate  the  theoretical  results.  France,  during 
the  years  immediately  succeeding-  the  Revolution  ruthlessly  de- 
stroyed her  forests  with  the  result  that  she  suffered  a  period  of 
almost  unparalleled  flood  disasters;  one  thousand  of  the  larger 
mountain  streams  became  entirely  uncontrollable.  Eight  hun- 
dred thousand  acres  of  farm  land  were  ruined  or  seriously  in- 
jured. By  gradually  replacing  the  forest  cover  164  of  these  are 
now  entirely  controlled,  and  over  600  of  the  others  are  showing 
the  beneficial  effects  of  the  forests  or  their  water-sheds. 

In  the  deed  by  which  the  British  Crown  conveyed  to  William 
Penn  and  his  heirs  certain  lands  in  the  New  World,  the  tract  was 
called  Penn's  Sylvania — Penn's  Woodland.  And  it  was  well- 
named,  for  the  Pennsylvania  of  to-day  with  its  great  cities,  its 
broad  stretches  of  fertile  farm  lands,  broken  by  the  barren  rocky 
slopes  of  its  mountains  and  bound  together  by  the  vast  steel 
net-work  of  its  railroads,  was  then  an  immense  forest,  broken 
only  by  its  natural  water-courses.  Its  valleys  and  bottom  lands 
were  covered  bv  dense  growths  of  white  and  yellow  pine  inter- 
spersed with  groves  of  hickor\',  poplar,  and  black  walnut.  Its 
mountain  slopes  bore  mighty  forests  of  hemlock,  remnants  of 
which  still  exist.  The  tops  of  its  ridges  in  places  were  covered 
by  hard  wood  growths  of  oak,  maple,  beech,  and  chestnut.  The 
destruction  of  this  great  forest  began  with  the  advent  of  the  first 
settlers.  To  them  it  was  an  enemy  to  be  concjuered.  With  fire 
and  axe  the  land  was  cleared  for  the  growing  of  crops,  and,  as 
the  sun  poured  upon  the  virgin  soil  there  sprang  up  fields  of  com 
and  wheat.  Sheep  and  cattle  grazed  peacefully  where  fierce  wild- 
beasts  had  roamed,  and  men  busily  plied  the  trades  of  civilized 
life  where  a  race  of  wilder  men  had  fought  and  hunted.  Rapidly 
the  clearings  pushed  toward  the  mountains,  from  the  East  and 
from  the  West,  until  their  rocky  slopes  checked  the  ruthless 
slaughter  of  the  trees. 

At  first  very  little  of  the  lumber  was  used ;  all  being  burned 
except  that  utilized  for  constructing  buildings  and  fences.  Later, 
it  acquired  commercial  value,  and  even  in  the  mountains  the 
destruction  was  more  rapid  than  ever.  To-day  there  is  little  if 
any  of  the  State  which  has  not  been  cut  over  one  or  more  times. 

The  land  thus  cleared,  where  suitable   for  agriculture,  has 
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been  utilized  for  that  purpose,  but  where  it  is  steep  or  rocky  it  has 
been  abandoned  to  the  mercy  of  flood  and  fire.  It  has  burned 
and  eroded  until  the  very  bed  rock  in  many  places  has  been  laid 
bare.  The  sinful  waste  of  the  past  generation,  and  the  present 
will  be  visited  heavily  upon  the  next  and  next  and  those  that 
follow.  Rich  stores  of  coal,  iron,  petroleum,  and  gas  have  been 
prodigally  wasted.  But  the  waste  most  sinful  and  far-reaching 
in  its  train  of  evil  consequences  has  been  that  of  the  trees  and  with 
them  the  very  soil  from  which  they  sprang. 

Neither  the  oak  nor  the  hemlock  can  spring  phcenix  like  from 
the  ashes  of  its  death.  The  centur\'  to  grow  the  tree  must  wait 
upon  the  centuries  to  replace  the  soil.  And  in  the  meantime  what 
has  been  the  effect  of  this  destruction  upon  the  streams  of  the 
State?  Scarcely  a  year  goes  by  without  its  flood-time  and  its 
drought.  Last  autumn,  -because  of  drought,  the  coal  and  iron 
companies  were  hauling  water  by  the  train-load  that  they  might 
not  have  to  cease  operations.  Last  week  flood  warnings  were 
sent  out  along  the  Ohio  and  its  tributaries  that  high  water  might 
not  come  upon  the  people  unawares.  Pittsburgh  has  become 
known  as  the  flood  city.  The  eastern  section  of  the  State  is  but 
little  better.  Streams  which  a  few  years  ago  ran  with  a  fairly 
steady  flow  now  show  alternate  periods  of  destructive  flood  and 
extremely  low  water.  It  would  seem  that  we  were  in  a  fair  way 
to  repeat  the  experience  of  the  French  people. 

The  most  destructive  floods  coming  as  a  direct  result  of  forest 
destruction  are  the  spring  floods.  The  snow  accumulates  in  the 
mountains  during  the  winter,  and  in  the  spring  must  be  melted 
and  carried  away  either  into  the  soil  or  directly  into  the  water- 
courses. In  the  absence  of  forests  this  snow  lies  exposed  to  the 
direct  rays  of  the  sun  and  the  first  south  wind  at  the  advent  of 
spring.  The  result  is  that  this  snow  water  rushes  directly  into 
the  water-courses,  often  before  the  ice  on  the  stream  has  been 
sufficiently  softened  to  pass  out  quietly.  After  a  hard  winter 
W'ith  heavy  ice  on  the  streams,  and  immense  quantities  of  s-'ow 
on  the  mountain  slopes,  these  floods  become  extremely 
destructive.  If  the  mountain  slopes  were  fairly  well  covered  with 
trees  the  snow  would  not  melt  away  so  rapidly,  being  protected 
from  sun  and  wind,  and,  further,  the  soil  being  loose  and  soft 
would  absorb  more  of  the  water.  Thus  the  volume  of  the  flood 
would  be  greatly  reduced,  and  the  water  would  be  reserved  for 
the  summer  months. 
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These  floods  affect  directly  only  the  persons  and  property  in 
the  immediate  neighborhood  of  streams.  \\''hatever  affects  the 
welfare  of  any  large  number  of  the  people  of  our  State,  however, 
must  be  the  concern  of  all.  There  are  other  ways,  nevertheless, 
in  which  this  matter  affects  very  closely  those  of  us  who  are  not 
endangered  personally  by  high  water. 

A  very  important  feature  is  the  increased  amount  of  erosion 
which  results  from  entirely  cutting  away  the  timber  from  the 
banks  of  streams  and  from  steep  hillsides,  which  is  a  direct 
menace  to  every  citizen  of  the  State.  In  the  first  case  it  results 
in  the  banks  being  eaten  into  and  carried  away  by  the  current,  in 
the  other  case  it  gives  rise  to  land-slides  during  periods  of  ex- 
cessive rainfall.  Take  a  single  glass  of  Schuylkill  or  Delaware 
water  during  a  flood  period  and  set  it  aside  until  it  settles.  Mul- 
tiply the  amount  of  sediment  in  the  glass  by  the  millions  that 
would  represent  the  number  of  glassfuls  passing  in  a  single  hour, 
and  then  remember  that  all  this  sediment  is  deposited  soon  after 
tide-water  is  reached.  You  will  then  have  a  faint  conception  of 
one  of  the  problems  that  must  be  solved  in  building  and  maintain- 
ing a  35  foot  channel  from  the  city  to  the  sea.  Now  call  to  mind 
that  at  least  one-half  and  possibly  two-thirds  of  this  erosion  is 
due  to  lack  of  forests  and  tree  protection  to  the  banks  of  the 
Delaware  and  its  tributaries  and  you  ought  to  have  a  clue  to  at 
least  a  partial  solution  of  the  problem.  The  same  argument  is 
applicable  to  every  stream  in  the  State. 

We  in  Pennsylvania  and  in  the  United  States  have  sinned 
grievously  in  this  matter  of  forests,  as  we  have  in  many  other 
lines  to  which  our  attention  has  been  directed  by  the  late  move- 
ment toward  consei-vation.  Being  convinced  of  our  sin,  what 
do  we  intend  to  do  about  it  ? 

Robert  Louis  Stevenson  has  written  a  little  fable  which  I 
should  like  to  quote  in  this  connection.  It  is  called  "  The  Peni- 
tent," and  runs  something  as  follows : 

"  A  man  met  a  lad,  weeping.  ''  What  do  you  weep  for?  '  he 
asked. 

"  *  I  am  weeping-  for  my  sins,'  said  the  lad. 

''  '  You  must  have  little  to  do,'  said  the  man. 

"  The  next  da}-  they  met  again.  Once  more  the  lad  was 
weeping.     '  Why  do  you  weep  now  ?  '  asked  the  man. 

"  '  I  am  weeping  because  I  have  nothing  to  eat.'  said  the  lad. 
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"  '  I  thought  it  would  come  to  that,'  said  the  man." 
Now,  being  sorry  for  past  wastefuhiess  is  not  sufficient.  Bad 
as  conditions  now  are,  they  may  become  immeasurably  worse,  and 
the  sooner  the  work  of  recovery  is  begun  and  the  more  rapidly  it 
is  carried  on  the  more  easily  shall  we  meet  the  results  of  past 
indiscretions.  We  shall  need  some  of  the  sentiment  of  Martin 
Chuzzlewit  in  this  work.  The  following  reads  like  a  bit  of 
inspired  prophecy : 

MARTIN    CHUZZLEWIT    ON    AMERICA, 

"  (cheerily !  lads,  cheerily !  Anchor  weighed.  Ship  in  full 
sail.  Her  sturdy  bowsprit  pointed  true  to  England.  America 
a  cloud  upon  the  sea  behind  them! 

"  '  ^^  hy.  Cook,  what  are  you  thinking  of  so  steadily?  '  said 
Martin. 

"  '  \^^ly,  I  am  thinking.  Sir,'  returned  Mark.  '  that  if  I  was  a 
painter,  and  was  called  upon  to  paint  the  American  Eagle,  how 
should  I  do  it?  ' 

"  '  Paint  it  as  like  an  eagle  as  you  could,  I  suppose.' 

"  '  No,'  said  Tvlark.  "'  that  wouldn't  do  for  me,  sir.  I  should 
want  to  draw  it  like  a  Bat,  for  its  shortsightedness :  like  a  Bantam, 
for  its  bragging;  like  a  Magpie,  for  its  honesty;  like  an  Ostrich, 
for  its  putting  its  head  in  the  mud.  and  thinking  nobody  sees 
it' 

"  '  And  like  a  phoenix,  for  its  power  of  springing  from  the 
ashes  of  its  faults  and  vices,  and  soaring  up  anew  into  the  sky !  ' 
said  Martin.     '  Well,  Mark,  let  us  hope  so.'  " 

There  is  in  Pennsylvania  several  millions  of  acres  of  land 
which  is  not  suitable  for  agriculture.  Most  of  this  land  has  had 
the  original  crop  of  timber  cut  from  it,  and  very  little  of  it  is,  in 
any  adequate  way,  producing  another.  These  conditions,  with 
their  inevitable  results,  which  I  have  pointed  out,  are  becoming 
increasingly  evident,  and  it  is  high  time  something  definite  is  done 
to  meet  and  remedy  them. 

Indeed,  work  to  this  end  is  already  begun  and  in  some  lines  is 
well  under  way,  and  needs  only  the  support  and  co-operation  of 
the  citizens  of  the  State  to  make  it  still  more  effective. 

There  has  been  some  discussion  as  to  the  agency  for  carrying 
on  the  work.  Some  have  contended  that  it  should  be  done 
solely  by  the  Government,  others,  that  it  should  be  restricted  to 
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the  field  of  private  enterprise.  It  seems  very  safe  to  assert  that 
it  could  be  most  successfully  accomplished  by  the  hearty  co- 
operation of  the  State  and  individual  land  owners. 

In  every  agricultural  community  there  are  areas  of  greater 
or  less  extent  not  well  adapted  to  cultivation.  The  banks  of 
streams,  rocky  ridges,  swamps,  and  steep  hillsides  all  lend  them- 
selves to  the  growing  of  trees,  if  such  were  selected  as  would  be 
adapted  naturally  to  the  environment.  There  is  no  doubt  that 
this  should  be  the  care  of  the  individual  land  owner,  but  since  his 
work  would  result  so  largely  in  a  common  good,  he  ought  to  re- 
ceive every  possible  encouragement  from  the  State  in  its  perform- 
ance. The  chief  reason  why  it  is  so  hard  to  get  this  work  done  by 
individuals  is  to  be  found  in  the  lack  of  immediate  financial 
returns.  There  is  no  doubt  that  money  spent  in  this  way  would 
ultimately  yield  a  good  return  on  the  investment.  But  it  is  just 
as  certain  that  the  average  American  citizen  does  not  relish  hav- 
ing to  sit  idly  by,  waiting  fifty,  seventy-five,  or  a  hundred  years 
for  his  crop  to  mature.  Wheat  or  corn  under  the  same  con- 
ditions would  suffer  equal  neglect.  Whatever  benefits  the  com- 
munity would  receive,  however,  would  come  while  the  crop  was 
growing.  Therefore,  the  community  or  the  State  could  well 
afford  to  encourage  tree  cultivation  on  those  small  areas  sur- 
rounded by  improved  and  seated  lands. 

One  of  the  ways  by  which  such  encouragement  could  be  given 
is  by  the  remission  of  taxes  on  land  given  over  to  sylviculture. 
The  Forestry  Bureau  has  long  advocated  such  a  policy,  pointing 
out  that  hundreds  of  thousands  of  acres  of  land  have  been  cut 
over,  then  the  title  allowed  to  lapse  because  the  owners  were  not 
willing  to  pay  the  taxes  for  the  term  of  years  necessary  for  re- 
foresting. It  is  these  lands,  largely,  that  are  ravaged  by  fire, 
year  after  year,  until  the  smoke  from  their  burning  hangs  like 
a  pall  over  the  land.  There  are  various  other  ways  in  which  the 
individual  might  be  assisted  in  this  work,  as,  for  instance,  the 
necessary  experimentation  and  selection  of  properly  adapted  trees. 
It  would  seem  that  the  trees  themselves  might  be  furnished 
entirely  at  public  expense  or  at  least  at  reduced  cost  to  the 
individual. 

In  the  vast  stretches  of  unseated  forest  lands  which  comprise 
that  part  of  the  state  traversed  bv  the  Alleghany  Mountains, 
the  work  is  so  stupendous  and  the  results  so  far-reaching  as  to 
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demand  government  enterprise.  Considered  also  from  the  point 
of  view  of  water  supply,  it  seems  advisable  that  large  tracts  lying 
about  the  head-waters  of  our  principal  drainage  systems  should 
at  least  be  under  government  supervision. 

There  is  at  present  in  the  region  I  have  mentioned  stretching 
from  Pike  and  Wayne  Counties  in  the  northeastern  comer  of 
the  State  to  Somerset  and  Fayette  near  the  southwestern  corner 
some  thirteen  millions  of  acres  of  forest  and  uncultivated  land. 
Every  acre  of  it  should  at  the  present  moment  be  under  the 
administration  of  some  fixed  uniform  policy  of  forestry.  The 
State  at  present  owns  for  Forest  Reserve  purposes  875,000  acres, 
at  a  cost  somewhat  under  $2.25  per  acre.  It  is  the  policy  of  the 
State  to  largely  increase  these  holdings,  the  present  Commis- 
sioner of  Forestry  believing  that  the  State  should  ultimately  own 
not  less  than  six  million  acres.  This  land  is  gradually  to  be 
acquired  as  it  is  advertised  and  sold  for  delinquent  taxes. 

Already  difiicult}^  is  being  experienced  in  obtaining  funds  for 
carrying  on  the  work  in  the  tracts  already  acquired  and  more 
particularly  in  obtaining  men — properly  trained,  active  forest 
administrators.  To  meet  this  latter  difficulty  a  forest  academy 
has  been  established  at  Mt.  Alto  on  one  of  the  State  Reservations, 
and  each  year  a  group  having  received  a  special  course  of  train- 
ing is  added  to  the  men  available  for  this  work.  But  the  demand 
is  still  much  greater  than  the  supply  and  it  promises  to  become 
still  greater  and  greater  as  the  State  adds  more  and  more  to  its 
reserves,  to  say  nothing  of  that  demand  which  will  be  created 
by  other  States  and  the  reserves  of  the  National  Government. 

It  would  require  more  time  than  I  have  at  my  disposal  to  take 
up,  except  in  the  most  superficial  way,  the  work  of  the  State  in 
connection  with  these  lands  and  its  policy  for  their  future  develop- 
ment.    Just  a  few  words  as  to  the  most  prominent  features. 

First  and  foremost  is  the  care  of  the  forests  now  standing 
and  the  various  stages  of  growth.  The  tangle  of  brush,  inter- 
woven with  slashings  left  by  the  lumbering  operations  is  particu- 
larly susceptible  to  fires  in  the  dry  autumn  month  after  the  leaves 
are  dried  and  fallen.  Brush,  dried  tree-tops,  and  the  humus 
of  the  very  soil  itself  serve  to  feed  the  flam.es.  Once  started, 
unless  precautions  are  taken  beforehand,  a  fire  in  such  a  growth 
must  be  left  to  burn  until  a  change  of  wind  or  heavy  rainfall 
extinguishes  it.     To  provide  against  this,  fire  wardens  or  rangers 
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are  provided  to  see  that  persons  guilty  of  setting  such  fires  pur- 
posely or  through  carelessness  are  apprehended  and  properly 
punished.  Also  fire  roads  are  cut  and  kept  free  from  brush  and 
inflammable  material ;  as  the  flames  reach  the  roads  they  either 
die  from  lack  of  fuel  or  are  easil}-  extinguished  at  such  places  as 
thev  may  succeed  in  crossing.  Also  improvement  cuttings  are 
made.  In  doing  this  the  trees  are  thinned  out.  Inferior  or  dead 
ones  are  removed  and  the  lower  branches  are  cut  so  that  the  trees 
may  furnish  longer  logs  free  from  knots  when  finally  ready  to  be 
converted  into  lumber. 

Where  the  land  acquired  has  no  suitable  growth  upon  it. 
trees  adapted  to  the  soil  and  location  are  set  out  and  cared  for 
until  thev  are  able  to  take  care  of  themselves  in  the  struggle  for 
existence.  These  trees  are  raised  as  seedlings  at  the  nurseries 
maintained  on  the  Reservations.  Abandoned  farms  in  the  neigh- 
borhood of  the  Forest  Reserves  are  being  purchased  by  the  State 
for  the  purpose  of  planting  white  pine,  it  being  particularly 
adapted  to  this  sort  of  soil.  Great  care  should  be  exercised  in 
tliis  branch  of  the  work,  however,  for  there  is  a  trend  toward 
reclaiming  many  of  the  old  farms,  and  it  would  be  a  mistake  to 
take  for  this  purpose  land  which  could  be  used  for  agriculture 
to  greater  economic  advantage  when  there  are  millions  of  acres 
lying  waste  which  can  never  be  utilized  for  any  purpose  save 
forestry. 

I  have  said  nothing  concerning  the  esthetic  side  of  this  subject, 
not  because  it  may  in  any  way  be  considered  as  unimportant, 
but  because  the  critics  of  forestry  may  be  successfully  met  upon 
their  own  grounds.  But  everv^where  Americans  and  Pennsyl- 
vanians  in  particular  are  becoming  more  and  more  appreciative 
of  the  beautiful  things  in  life.  Particularly  is  this  true  with 
respect  to  the  beauties  of  Nature.  The  out-of-doors,  the  green 
grass,  the  trees,  the  hills,  the  lakes,  and  running  streams  are 
winning  their  place  in  care  and  appreciation  of  not  only  the  cul- 
tured, but  the  great  body  of  work-a-day  people.  In  this  city, 
at  the  time  when  two  thousand  acres  were  set  aside  to  form  Fair- 
mount  Park,  the  plan  was  thought  to  be  the  extravagant  scheme 
of  a  dreamer,  and  met  great  opposition.  To-day  the  city  would 
cry  out  in  protest  at  any  attempt  to  reduce  it.  Indeed  there  is  a 
strong  sentiment  in  favor  of  setting  aside  other  tracts  to  serve 
the  same  general  purpose.      I  believe  there  is  no  large  city  in  this 
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country  which  contributes  a  larger  proportion  of  its  people  to  the 
summer  camps  in  the  mountains  than  does  the  city  of  Philadel- 
phia. The  forest  reserves  of  the  State  form  an  excellent  nucleus 
for  just  such  a  playground  for  the  people  of  the  ^^•hole  State  as 
Fairmount  Park  does  to  the  adults  of  this  cit\',  or  as  the  plots 
set  aside  for  that  purpose  do  for  children  of  any  one  locality  of 
the  city.  Every  year  the  Department  of  Forestry  at  Harrisburg 
is  issuing  an  increasing  number  of  permits  for  camps  on  the 
State  Reserves,  and  this  fact  presents  to  the  thoughtful,  one  of 
the  most  hopeful  aspects  of  the  whole  forestry  movement.  For, 
even  though  forestry  may  be  justified  from  the  point  of  view  of 
mere  dollars  and  cents,  it  is  especially  gratifying  that  it  makes 
a  strong  appeal  to  the  people  of  the  State  on  other  than  mercenary- 
grounds. 

GEOLOGY  OF  THE  PHILADELPHIA  DISTRICT. 

The  Philadelphia  folio  of  the  geologic  atlas  of  the  United  States,  pub- 
lished by  the  United  States  Geological  Survey  as  No.  162  of  the  series,  is 
now  ready  for  distribution. 

The  area  described  in  this  folio  is  the  Philadelphia  district,  which  con- 
sists of  four  quadrangles — the  Germantown,  Norristown,  Philadelphia,  and 
Chester.  It  lies  in  three  States — Pennsylvania,  Xew  Jersey,  and  Delaware — 
and  embraces  in  whole  or  in  part  ten  counties,  namely,  Bucks,  Montgomery, 
Philadelphia,  Delaware,  and  Chester  counties,  Pennsylvania;  Burlington, 
Camden,  Gloucester,  and  Salem  counties,  New  Jersey ;  and  Newcastle  county, 
Delaware.  It  covers  an  area  of  about  915  square  miles  and  contains  a 
population   of  more  than  a  million  and  a  half. 

The  Philadelphia  district  includes  portions  of  two  distinct  geologic 
provinces — the  Piedmont  Plateau  of  the  Appalachian  province  and  the 
Coastal  Plain — and  rocks  ranging  in  age  from  pre-Cambrian  to  Recent  and 
in  character  from  granites  and  gneisses  to  sandstones,  shales,  clays,  and 
gravels.  The  streams  of  the  area  reach  the  ocean  through  Delaware  River, 
and  those  in  the  Coastal  Plain  are  tidal  for  half  or  more  than  half  their 
lengths. 

The  geography,  topography,  and  geolog)^  of  this  region  are  described 
and  delineated  in  great  detail  in  the  maps  and  text  of  the  folio,  the  author- 
ship of  which  is  divided  among  a  number  of  geologists.  In  greater  part  the 
folio  is  the  work  of  Dr.  Florence  Bascom.  professor  of  geology  at  Bryn 
Mawr  College,  who  w-as  assisted  by  B.  L.  Miller ;  but  important  chapters 
were  also  contributed  by  N.  H.  Darton,  of  the  U.  S.  Geological  Survey; 
by  H.  B.  Kiimmel,  State  geologist  of  New  Jersey ;  and  by  W.  B.  Clark, 
R.  D.  Salisbury,  and  G.  N.  Knapp,  also  connected  with  the  New  Jersey 
State  Survey. 

The  folio  comprises  23  pages  of  text  and  10  map  sheets,  and  is  for  sale 
by  the  Survey. 


MECHANICAL  CS,  ENGINEERING 
SECTION 

Stated  meeting,  held  TJmrsday,  Mareli  4,  1909. 


THE  DIRIGIBLE  BALLOON  WITH  GYROSCOPE 
CONTROL. 

The  Navigation  of  the  Air  by  means  of  the  Dirigible  Balloon 
OR  Air-ship,  propelled  by  the  Resultant  of  the  Force 
OF  the  Wind  on  its  Sails  and  the  Resistant 
Force  of  the  Gyroscope. 

The    Lever  in  Space  Without  a  Fulcrum  on  the  Earth. 

BY 

RUSSELL  THAYER. 

Appropriate  to  the  brief  paper  which  I  will  read  this  evening 
on  tlie  subject  in  question,  I  will  preface  it  by  quoting  the  follow- 
ing celebrated  lines,  which  may  be  taken  in  the  nature  of  a 
prophecy,  written  by  Lord  Tennyson,  Poet  Laureate  of  England, 
a  number  of  years  ago  : 

■'  For  I  dipt  into  the  future,  far  as  human  eye  could  see, 
Saw  the  vision  of  the  world,  and  all  the  wonder  that  would  be ; 

Saw  the  heavens  fill  with  commerce,  argosies  of  magic  sails. 
Pilots  of  the  purple  twilight,  dropping  down  with  costly  bales ; 

Heard  the  heavens  fill  with  shouting,  and  there  rained  a  ghastly  dew 
From  the  nations'  airy  navies  grappling  in  the  central  blue ; 

Far  along  the  world-wide  whisper  of  the  south-wind  rushing  warm. 
With  the  standards  of  the  peoples  plunging  through  the  thunderstorm  ; 

Till  the  war-drum  throbbed  no  longer,  and  the  battle  flags  were  furled 
In  the  Parliament  of  man,  the  Federation  of  the  world." 

Before  proceeding  to  explain  briefly  the  details  of  the  par- 
ticular discovery  relating  to  aerial  navigation  which  I  have  the 
honor  to  bring  to  the  attention  of  the  Institute  I  should  refer, 
I  think,  in  a  consecutive  manner  to  the  various  steps  that  have 
marked  the  progress  of  the  science  since  the  invention  of  the 
balloon,  something  over  a  hundred  years  ago. 

I  think  it  may  be  stated  that  this  discovery  by  man  marked 
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an  epoch  in  this  hne  of  scientific  investigation,  and  my  own 
personal  studies  relating  to  this  subject,  which  have  now  occupied 
in  moments  of  leisure  a  number  of  years,  force  me  to  the  con- 
clusion that  the  true  solution  of  the  problem  of  aerial  navigation 
is  dependent  primarily  upon  the  basic  discovery  above  referred  to, 
and  it  is  not  at  all  likely  that  what  is  known  as  the  "  heavier-than- 
air  "  proposition  will  ever  succeed  in  becoming  either  commercial 
or  of  any  great  utilitarian  value. 

Professor  Simon  Newcomb,  LL.D.,  in  an  interesting  paper 
published  in  the  North  American  Reviezv  of  April,  1908,  shows 
conclusively  that  the  proper  solution  of  the  problem  is  rather  in 
the  line  of  the  development  of  the  principles  of  the  balloon,  and 
not  in  reference  to  the  aeroplane. 

To  briefly  quote  from  the  paper  of  Professor  Newcomb,  I 
may  state  as  follows : 

"  In  a  word,  physical  science  shows  that  the  larger  you  build 
your  ship  the  more  economic  she  is  in  the  ratio  of  efficienc}^  to 
cost  of  running. 

"  The  same  principle  applies  to  the  dirigible  balloon  or  any 
other  form  of  ship  that  is  to  float  in  the  air.  Double  its  linear 
dimensions,  make  its  walls  twice  as  thick  if  you  choose,  and  you 
will  have  eight  times  the  cubical  space  and  eight  times  the 
buoyant  power.  But  you  will  require  only  four  times  the 
propelling  power  to  drive  her  through  the  air  with  a  given  speed, 
and  therefore  only  four  times  the  horse-power  in  her  engines.*' 

In  contradistinction  to  the  above  advantages,  let  us  quote 
Professor  Newcomb  from  the  same  paper  as  to  the  disadvantages 
of  the  aeroplane. 

"  Our  principle  of  the  square  and  cube  applies  to  the  aeroplane 
and  to  every  form  of  flying  machine,  pure  and  simple,  but  it  is 
reversed  in  the  application.  With  every  increase  in  the  size  of 
the  machine,  the  weight  increases  as  the  cube  of  the  linear  di- 
mension, always  supposing  that  the  model  remains  the  same. 
Possibly  it  might  not  always  be  necessary  to  increase  the  thickness 
in  the  same  proportion  as  the  length  and  breadth,  but  in  every 
case  the  weight  would  necessarily  increase  in  a  higher  ratio  than 
the  square  of  the  length  or  breadth.  But  the  sustaining  power 
being  proportional  to  the  surface,  or  to  the  spread  of  wing,  when- 
ever we  increase  the  size  of  the  flyer  or  of  the  aeroplane  the 
sustaining  power  diminishes  relatively  to  the  size. 
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"  We  see  this  exemplified  in  the  limitations  put  upon  the 
size  and  agility  of  flying  animals — the  smaller  they  are  the  more 
easily  they  fly.  There  is  a  certain  weight  which  probably  is  less 
than  the  weight  of  a  man,  which  no  bird  can  ever  exceed. 

"  The  principle  we  have  applied  does  not,  of  course,  set  any 
precise  limit  to  the  weight  which  a  flying  machine  may  possibly 
be  made  to  carry.  It  only  says  that  the  advantage  in  increasing 
the  size  and  weight  continually  diminishes.  There  is  a  certain 
intermediate  size  where  the  maximum  weight,  perhaps  that  of  one 
or  more  men,  can  be  carried  and  this  size  can  never  be  exceeded 
with  advantage." 

Professor  Newcomb  continues  to  dwell  upon  the  facts  above 
enunciated  with  considerable  amplification  and  finally  terminates 
his  paper  in  the  following  words  : 

"  Bearing  in  mind  that  no  limit  is  to  be  set  to  the  possible 
discovery  of  new  laws  of  nature  or  new  combinations  of  the 
chemical  elements,  it  must  be  understood  that  I  disclaim  any  posi- 
tive prediction  that  men  will  never  fly  from  place  to  place,  at  will. 
The  claim  I  make  is,  that  they  will  not  do  this  until  some  epoch- 
making  discovery  is  made,  of  which  we  have  now  no  conception, 
and  that  mere  invention  has  nearly  reached  its  limit." 

When  the  principle  of  the  balloon  was  first  discovered,  the 
conclusion  at  once  reached  was,  that  the  practicability  of  aerial 
navigation  was  readily  within  the  reach  of  man,  but  we  have  seen 
that  over  a  hundred  years  have  passed  since  that  event  and  in  a 
comparatively  few  paragraphs  we  can  sum  up  the  results  of 
progress  made  since  that  time. 

First,  with  regard  to  the  balloon  or  air-ship,  it  may  be  said 
that  it  is  only  within  comparatively  recent  years  that  any  success- 
ful attempts  have  been  made  to  direct  its  motion  of  translation 
through  space,  irrespective  of  the  direction  of  the  drift  of  the 
wind.  And  it  is  only  within  the  last  twenty  years  that  so-called 
dirigible  balloons  have  been  successfully  constructed,  all  of  them 
working,  however,  on  the  same  principle  or  method  of  propulsion. 

The  modern  structures  of  this  type  are  all  built  cylindrical, 
or  cigar  shape,  and  are  either  forced  or  drawn  through  the  atmos- 
phere by  means  of  screw-propellers  in  the  same  way  that  an  ocean 
steamer  is  driven  through  the  water. 

The  later  constructions  of  this  type  of  air-ship  have  the  screw 
in  front,  the  shaft  driven  by  the  modern  high-speed  combustion 
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engine,  and  the  blades  of  the  screw  pitched  at  a  proper  angle  to 
draw  the  structure  with  some  considerable  speed  through  the 
atmosphere. 

In  the  German  type  of  dirigible  as  recently  designed  and  built 
by  General  Count  von  Zeppelin,  the  structure  is  driven  by  screw 
propellers  projecting  transversely  from  the  axis  or  rigid  deck  of 
the  air-ship,  the  propellers,  however  revolving  on  axes  parallel 
to  the  axis  of  the  ship. 

In  the  French  construction  as  used  in  the  French  air-ship  ''  La 
Patrie  "  type,  and  other  French  dirigibles,  the  screw-propellers 
are  arranged  in  a  fore  and  aft  direction,  one  propeller  exerting 
to  pull  upon  the  structure  parallel  to  the  axis  of  the  dirigible  and 
the  other  to  thrust  parallel  to  the  same  axis.  The  direction  of 
traverse  is  controlled  more  or  less  by  a  large  rudder  at  the  stern 
of  the  ship. 

The  new  British  dirigibles  are  substantially  on  the  lines  of  the 
French  balloons,  although  the  supporting  portion  is  somewhat 
different  in  shape,  being  generally  blunter. 

Both  the  French  and  British  systems  of  construction  produce 
a  rigidity  of  envelope  by  means  of  the  enclosed  gas  under  greater 
pressure  than  the  surrounding  atmosphere,  whereas  in  the  Ger- 
man construction  of  General  Count  von  Zeppelin  the  rigidity  of 
the  envelope  of  the  ship  proper  is  materially  assisted  by  longi- 
tudinal ribs  of  aluminum,  braced,  I  understand,  more  or  less 
transversely,  and  held  in  place  by  circular  ribs  of  the  same  metal 
attached  to  the  longitudinal  pieces  at  regular  intervals.  The 
skin  of  the  envelope  is  supported  on  the  framework  above  briefly 
described.  It  must  be  borne  in  mind  that  all  these  structures  are 
drawn  or  forced  through  the  atmosphere  by  means  of  screw-fans, 
as  above  referred  to.  Therefore,  they  are  quite  helpless  in  an 
ordinar}^  gale  of  wind  and  can  make  progress  from  one  point  to 
another  only  when  the  conditions  of  the  atmosphere  are  satis- 
factory for  so  doing. 

Notwithstanding  the  difficulties  of  the  problem  and  the  limits 
of  the  utility  of  the  dirigible  air-ship,  constructed  as  above  de- 
scribed, it  is  thought  that  structures  of  this  class  will  have  in  all 
future  wars  a  far-reaching  effect,  and  the  attention  of  military 
authorities,  particularly  in  Great  Britain,  Germany,  and  France, 
has  been  especially  directed  to  the  use  of  the  dirigible  for  war 
purposes. 
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All  of  the  countries  above  named  are  to-day  building  dirigible 
air-ships  for  the  use  of  their  armies  in  the  field. 

In  contradistinction  to  the  method  of  aerial  navigation  above 
briefly  referred  to  is  that  which  has  attracted  some  considerable 
attention  during  the  past  few  years,  in  what  is  known  as  the  aero- 
plane. As  the  principles  and  performances  of  structures  of  this 
class  have  been  so  completely  described  in  the  public  press  during 
the  last  year  or  so  I  will  not  dwell  upon  this  branch  of  the 
subject  to  any  extent. 

While,  for  the  reasons  above  enumerated  in  this  paper,  I  do 
not  see  that  the  aeroplane  can  come  into  any  very  general  use  for 
commercial  or  war  purposes,  yet  great  credit  must  be  given  to  the 
men  who  have  brought  this  system  of  aerial  navigation  to  its 
present  condition.  There  is  no  doubt  also  that  for  certain  pur- 
poses the  present  aeroplane  may  be  utilized  conveniently  and 
with  some  degree  of  success. 

We  cannot  remove  from  our  minds,  however,  the  fact  that 
aerial  transportation  by  means  of  the  aeroplane  as  it  is  at  present 
constructed  will  always  be  attended  by  serious  risk,  as  the  slightest 
accident  to  the  structure  itself  is  quite  sure  to  produce  results 
which  will  be  extremely  disastrous.  This  has  been  shown  in  the 
unfortunate  and  most  serious  accident  which  took  place  at  the 
Government  tests  of  a  machine  of  the  class  referred  to  during  the 
past  summer  at  Fort  Meyer,  Virginia. 

Twenty-four  years  ago, — in  the  spring  of  1885, — I  began  to 
give  considerable  attention  to  the  matter  of  aerial  navigation  for 
war  purposes,  and  at  that  time  designed  and  submitted  to  the 
United  States  Government  a  form  of  dirigible  air-ship,  which  I 
thought  might  be  of  use  for  Governmental  purposes. 

The  structure  which  I  then  designed  was  substantially,  in  fact 
precisely  of  the  same  type  as  the  air-ships  now  being  built  for  the 
various  Governments  of  the  world,  except  that  the  method  of 
propulsion  which  I  suggested  to  be  tried  was  different. 

I  submitted  a  picture  taken  from  the  publication  known  as 
"Harpers  Weekly,"  of  May  25,  1885,  showing  a  copy  of  the 
air-ship  which  I  then  designed  for  the  use  of  the  Government. 

The  matter  was  considered  by  the  Ordnance  Department  of 
the  Army,  and  I  understand  that  an  appropriation  was  asked  for 
the  purpose  of  building  one  of  these  structures  at  the  time,  but 
owing  to  the  lack  of  interest  in  the  matter  nothing  was  done. 
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The  structure  which  I  suggested  was  propelled  through  the 
atmosphere  by  a  powerful  jet  of  compressed  air  or  steam,  acting 
rearwards,  as  it  seemed  to  me  at  that  time  that  the  difficulties  of 
generating  sufficient  power  to  operate  a  screw-propeller  were 
considerable;  in  fact  you  must  remember  that  this  was  long 
before  the  practical  development  of  the  modern  internal  combus- 
tion engine,  such  as  we  see  in  use  to-day, 

I  will  now  endeavor  to  explain  as  briefly  as  possible  the  recent 
investigations  that  I  have  made  in  this  line,  and  state  why  I 
believe  that  the  results  may  be  of  commercial  use  in  the  field  of 
aerial  navigation. 

I  have  always  been  impressed  with  the  fact  that  after  the  dis- 
covery of  the  balloon  the  next  most  important  discovery  would  be 
to  find  some  way  of  directing  its  course  through  the  atmosphere, 
irrespective  of  the  drift  of  the  wind-current. 

As  at  present  used,  nothing  is  more  helpless  than  the  ordinary 
balloon.  It  simply  is  blown  with  the  wind ;  nothing  can  divert  it 
from  that  course. 

The  construction  of  the  modern  dirigible  balloon,  drawn  or 
pushed  through  the  atmosphere  by  means  of  screw-fans,  only 
partially  solves  the  problem,  as  structures  of  this  class,  as  I  have 
before  remarked,  are  perfectly  helpless  in  a  wind  of  any  power. 

I  wnll  endeavor  to  show  that  the  discovery  which  I  have  made 
overcomes  this  difficulty  and  utilizes  the  very  power  which  here- 
tofore has  been  the  great  obstacle  in  the  control  of  the  flight  of 
a  balloon  in  a  given  direction  not  only  to  propel  the  balloon  at  a 
high  speed  in  various  directions  through  the  air  but  also  for  the 
propulsion  of  the  air-ship  in  quite  the  same  manner  as  a  ship  with 
sails  is  sailed  upon  the  ocean. 

The  slightest  preliminary  thought  on  this  subject  will  indicate 
to  anv  one  that  the  difficulties  of  the  problem  are  insuperable 
unless  we  can  find  in  art  or  nature  a  means  of  devising  some  point 
or  line  of  support  upon  which  we  can  take  hold,  so  to  speak,  in 
order  to  utilize  the  propelling  effect  of  the  wind-pressure  upon 
the  sails  of  our  ship. 

At  first  the  thought  will  instantly  come  to  our  minds  that 
the  solution  of  such  a  problem  is  beyond  the  range  of  possibility — 
that  the  very  idea  is  contrarx-  to  the  basic  laws  of  mechanics. 
We  have  here  a  body  of  considerable  bulk,  suspended  in  space  a 
mile  or  so  above  the  earth  and  driven  aimlesslv  in  anv  direction- 
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in  which  the  wind  may  be  blowing.  It  is  evidently  impossible  to 
obtain  any  hold  upon  the  earth,  and  it  would  seem  to  be  im- 
possible to  produce  within  or  adjacent  to  the  floating  body  itself 
any  material  substance  possessing  inertia  upon  which  w^e  could 
take  hold  in  order  to  control  to  a  certain  extent  the  movements  of 
this  helpless  floating  structure. 

Something  must  be  devised  or  discovered  against  which  we 
can  oppose  the  resultant  of  the  pressure  of  the  wind  on  the  sails 
of  the  ship;  something  in  fact  that  will  enable  us  to  produce  on 
this  structure  a  condition  of  two  or  more  forces  struggling  in 
unstable  equilibrium. 

If  this  condition  of  affairs  can  be  produced  it  will  be  readily 
admitted  by  any  one  conversant  with  Kepler's  laws  that  the 
structure  acted  upon  by  two  forces  such  as  I  have  above  described 
will  take  up  a  motion  of  translation  through  space  due  to  the 
resultant  of  tlie  two  forces. 

After  a  careful  study  of  the  entire  field  of  mechanics,  I  found 
that  one  principle  and  one  alone  could  be  utilized  to  produce  the 
desired  result. 

The  so-called  mechanical  paradox  (which  is  not  a  paradox 
at  all),  known  as  the  gyroscope,  seemed  to  me  to  furnish  the 
means  sought,  and  the  investigations  and  experiments  that  I  have 
made  have  confirmed  my  views. 

Before  describing  the  use  of  the  g}^roscope  adapted  to  the 
purpose  in  question  it  may  be  interesting  to  briefly  mention  the 
essential  facts  in  regard  to  this  peculiar  instrument. 

Its  definition  may  be  given  as  follows : 

"  The  gyroscope  is  the  name  given  by  Foucault  to  an  instru- 
ment for  the  exhibition  of  various  properties  of  rotation,  and  the 
composition  of  rotations  first  described  by  Bohwenberger,  in 
I817. 

"  The  invention  is  probably  French  or  German,  inventor  not 
known ;  it  dates  from  about  the  end  of  the  eighteenth  century. 

"  Its  action  is  based  on  the  principle  that  if  a  mass  is  set  in 
rotation  about  one  of  its  principal  axes  of  inertia  of  greatest  or 
least  momentum,  it  will  continue  to  revolve  about  it,  and  unless 
extraneous  force  is  applied  the  direction  of  the  axis  will  remain 
unchanged." 

This  mechanical  device,  you  will  thus  see,  has  been  in  ex- 
istence for  about  seventy-five  or  a  hundred  years,  and  its  uses 
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have  been  limited  to  certain  commercial  and  practical  purposes, 
which  I  will  speak  of  later. 

I  will  describe  briefly  some  facts  in  relation  to  the  gyroscope, 
quoting  from  a  paper  by  Professor  Arthur  Gordon  Webster, 
Professor  of  Physics  at  Clark  University,  Worcester,  Mass., 
published  in  the  American  Review  of  Reviews,  July,  1908. 

"  THE    PHYSICAL   LAW    INVOLVED." 

"  Let  us  begin  with  the  simplest  possible  mechanical  phe- 
nomenon. Everybody  knows  that  a  body  left  to  itself  can  do 
nothing  but  move  in  a  straight  line  with  unchanging  speed.  If 
we  wish  to  hurry  it,  we  must  pull  it  ahead,  and  it  pulls  back ;  if 
we  wish  to  retard  it,  we  must  pull  it  backwards,  when  it  will  pull 
ahead;  and  if  we  wish  to  divert  it  from  its  straight  course,  we 
must  pull  it  sidewise,  when  it  will  also  pull  back  or  resist. 

"  This  is  what  we  mean  by  the  inertia  of  a  body,  namely,  its 
apparent  unwillingness  to  do  what  we  try  to  make  it  do. 

"  Thus  the  axis  of  a  top,  or  fly-wheel,  can  take  any  direction 
in  space,  and  all  the  time  the  centre  of  gravity  of  the  top  is  a 
fixed  point.  The  top  can  spin  as  before  quite  free  from  the  action 
of  gravity,  and  if  it  is  carefully  enough  made  the  motion  of  its 
axis  can  be  perceived  in  a  few  minutes.  A  practical  application 
of  this  property  is  made  use  of  in  the  Whitehead  torpedo,  which 
when  discharged  from  a  torpedo  boat  must  be  steered  against  the 
enemy,  and  carries,  instead  of  a  human  steersman,  a  small  gyro- 
scope, mounted  in  rings. 

"  When  the  torpedo  is  discharged,  the  axis  of  the  fly-wheel 
points  at  the  enemy.  If  now  a  torpedo  strikes  any  obstruction 
and  is  turned  off  its  course,  the  axis  of  the  g}^roscope,  true  to  its 
nature,  keeps  pointing  in  the  same  direction,  and  thus  an  outside 
ring  turns  relatively  to  the  hull  of  the  torpedo,  and  moves  a  little 
lever,  which  controls  the  steering  engine,  moving  the  rudder,  and 
thus  bringing  the  torpedo  back  on  its  course.  It  is  this  g}^ro- 
scopic  gear,  invented  by  Austrian  Lieutenant  Obr\%  that  has  made 
the  torpedo  the  instrument  of  precision,  capable  of  doing  the 
damage  done  by  the  Japanese  to  the  Russian  ships." 

"  STARTLING    PROPERTY    OF    THE    GYROSCOPE." 

"  We  come  now  to  the  unfamiliar  property  of  the  gyroscope. 
If,  with  the  top  spinning  quietly  about  its  axis,  we  apply  a  force 
tending  to  change  the  direction  of  the  axis,  we  find  that  the  axis 
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resists  the  pull  (or  push),  and  that  instead  of  moving  in  the 
direction  in  which  we  pull,  it  moves  off  in  a  direction  at  right 
angles.  This  is  the  startling  property  of  the  gyroscope,  and  if 
we  understand  this  we  understand  every  phenomenon  connected 
with  this  supposedly  mysterious  apparatus. 

"  We  can  then  explain  this  property  by  saying  that  if  that 
force  is  exerted  on  a  symmetrical  top,  tending  to  change  the  direc- 
tion of  its  axis,  the  axis  will  not  move  in  the  direction  of  that 
force,  but  will  tend  to  move  at  right  angles  thereto." 

In  the  same  publication  and  of  the  same  date,  Mr.  J.  F. 
Springer,  referring  to  some  applications  of  the  gyroscope,  par- 
ticularly the  wheel  and  rail  problem  of  Brennan,  and  the  preven- 
tion of  rolling  of  ships  at  sea,  by  Dr.  Otto  Schlick  of  Berlin 
(which  latter  will  be  referred  to  at  more  length  in  this  paper), 
closes  his  discussions  as  follows : 

"  The  principles  of  the  gyroscope  are  truly  wonderful  in  their 
character.  Some  of  these  promise  far-reaching  and  striking 
results  in  the  world  of  practical  mechanics.  Certain  of  these 
applications  may  appear  startling  in  their  results.  But  that  in 
itself  is  not  sufficient  reason  to  regard  them  as  necessarily 
impossible. 

"  Let  us  view  the  future  of  the  gyroscope  in  its  engineering 
applications,  not  with  credulity  and  an  unreasoning  acceptance  of 
any  and  all  marvels,  but  with  a  mind  at  once  open  and  critical." 

A  brief  resume  of  the  present  uses  of  the  gyroscope. 

It  is  interesting  to  note  the  various  commercial  uses  to  which 
the  gyroscope  has  been  adapted  in  order  to  utilize  its  curious 
powers. 

To  the  untrained  mind  it  seems  to  possess  mysterious  faculties. 
It  will  support  itself,  for  instance,  suspended  in  space,  at  right 
angles  to  a  cord,  resisting  continuously  the  constant  force  of 
gravity,  while  it  is  spinning  at  high  speed. 

Other  interesting  phenomena  may  be  demonstrated  by  its 
means.  The  laws  of  rotating  bodies,  however,  are  well  under- 
stood by  mathematicians,  and,  while  it  is  quite  true  that  the 
mathematics  of  the  gyroscope  are  complicated  and  abstiaise, 
nevertheless  there  is  no  mystery  about  the  matter,  and  the  forces 
developed  by  the  gyroscope  follow  the  established  laws  of  rotating 
bodies  which  are  free  to  move  and  rotate  at  high  speed  on  what 
I  mav  term  elastic  axes. 
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The  peculiar  property  that  the  axis  of  a  rotating  gyroscope 
possesses  of  continuously  pointing  in  a  fixed  given  direction, 
notwithstanding  the  motion  of  translation  of  the  earth  through 
space,  and  its  independent  rotation  on  its  own  axis,  has  been  used 
by  the  astronomer  for  the  useful  purpose  of  maintaining  the  axis 
of  his  astronomical  telescope  constantly  trained  upon  a  star  that 
he  may  be  observing,  thus  being  able  to  keep  it  continuously  in 
the  field  of  view  while  otherwise  in  a  few  seconds  it  would  pass 
across  the  lens. 

One  of  the  first  uses  to  which  the  gyroscope  was  adapted  was 
to  provide  an  artificial  horizon  on  a  moving  vessel  in  order  to 
make  observations  in  marine  navigation.  For  this  purpose  the 
gyroscope  is  caused  to  revolve  on  a  vertical  axis.  This  was  in 
use  for  some  time,  and  I  believe  is  still  in  use  in  certain  navies. 

The  gyroscope  is  used  very  effectually  and  almost  universally 
in  controlling  the  direction  of  traverse  of  the  submarine  war 
torpedo,  particularly  that  deadly  instrument  of  destruction  known 
as  the  Whitehead  torpedo  now  in  general  use  in  all  navies  of  the 
world.  In  this  case  it  is  placed  inside  the  casing  and  near  the 
stern  of  the  torpedo,  and  by  an  ingenious  arrangement  operates 
two  small  rudders  which  maintain  the  direction  of  traverse  of  the 
torpedo  on  its  predetermined  course.  This  action  is  effected  by 
utilizing  the  same  force  that  I  use  in  aerial  navigation,  but,  of 
course,  in  an  entirely  different  manner. 

The  mono-rail  system  of  Mr.  Louis  Brennan,  uses  the  forces 
of  the  gyroscope  to  balance  the  cars  on  the  single'  rail  roadway 
that  is  used  in  this  system. 

The  well-known  and  costly  experiment  of  Sir  Henry  Besse- 
mer, made  by  that  distinguished  and  accomplished  engineer  about 
twenty-five  years  ago,  to  utilize  the  principle  of  the  gyroscope 
to  prevent  the  rolling  of  ships  in  a  sea-way  at  sea,  may  be  also 
referred  to.  Sir  Henry  failed  in  the  experiment,  for  the  reason 
that  he  overlooked  one  of  the  essential  laws  of  the  revolution  of 
the  g}^roscope,  and  it  is  said  that  he  expended  about  a  million 
dollars  on  this  work. 

Dr.  Otto  Schlick.  a  German  engineer  of  Berlin,  first  demon- 
strated the  practical  utility  of  the  gA^roscope  in  preventing  a 
ship  from  rolling  in  a  sea-way.  I  will  quote  the  description  of 
this  from  the  interesting  paper  of  Mr.  Henry  Smith  Williams, 
published  some  months  ago.  (See  also  the  official  report  read  by 
Sir  William  H.  White  before  the  Societv  of  Naval  Architects, 
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Great  Britain,  published  in  Engineering,  London.  April  5,  1907, 
also  on  page  794  of  Engineering,  London,  June  7,  1907.  "  Mono- 
Rail.") 

"  In  the  year  1904  Dr.  Schlick  elaborated  his  theor}'  before  the 
Society  of  Naval  Architects  in  London.  His  paper  aroused  much 
interest  in  technical  circles,  but  most  of  his  hearers  believed  that  it 
represented  a  theory  that  would  never  be  made  a  tangible  reality. 
Fortunately,  however,  Dr.  Schlick  was  enabled  to  make  a  prac- 
tical test,  by  constructing  a  wheel  and  installing  it  on  a  small 
ship — a  torpedo  boat  called  the  Sea-bar  discarded  from  the  Ger- 
man navy. 

"The  vessel  is  116  feet  in  length  and  a  little  over  56  tons 
displacement.  The  device  employed  consists  of  a  fly-wheel  one 
metre  in  diameter  weighing  just  over  iioo  pounds  and  operated 
by  a  turbine  mechanism  capable  of  giving  it  a  maximum  velocity 
of  1600  revolutions  per  minute.  This  .powerful  fly-wheel  was 
installed  in  the  hull  of  the  Sea-bar  on  a  vertical  axis,  whereas  the 
Brennan  gyroscope  operates  on  a  horizontal  axis.  So  installed, 
the  Schlick  gyroscope  does  not  interfere  in  the  least  with  the 
steering  or  with  the  ordinary  progression  of  the  ship.  Its  sole 
design  is  to  prevent  the  ship  from  rolling. 

"  The  expectations  of  the  inventor  were  fully  realized.  On 
a  certain  day  in  July,  1906.  with  sea  so  rough  that  the  ship  rolled 
through  an  arc  of  thirty  degrees,  when  the  balance  wheel  was 
not  in  revolution,  the  arc  of  rolling  was  reduced  to  one  degree 
when  the  great  top  was  set  spinning  and  its  secondary  bearings 
released.  In  other  words,  it  practically  abolished  the  rolling 
motion  of  the  craft,  causing  its  decks  to  remain  substantially 
level,  when  the  ship  as  a  whole  heaved  up  and  down  with  the 
waves." 

These  remarkable  results,  with  more  in  kind,  were  recorded 
in  the  paper  which  Sir  William  White  read  before  the  Institution 
of  Naval  Architects  in  April.  He  himself  had  witnessed  tests  of 
the  Schlick  gyroscope,  and,  in  common  with  his  colleagues,  he 
accepted  the  demonstrations  as  unequivocal. 

THE  PRINCIPLE  OF  THE  SCHLICK  GYROSCOPE. 

"  Fully  to  understand  the  action  of  Dr.  Schlick's  invention, 
one  must  know  that  it  is  not  a  mere  wheel  on  a  single  pivot,  but 
a  wheel  adjusted  in  such  a  fashion  that  it  can  oscillate  longi- 
tudinally while  revolving  on  its  vertical  axis.     In  other  words, 


30  Russell  Thayer. 

it  is  precisely  as  if  one  of  the  two  gyroscope  wheels  used  in  the 
Brennan  car  were  so  placed  that  its  main  axis  was  vertical,  its 
secondary  axis,  or  axis  of  oscillation,  being  horizontal  and  at 
right  angles  to  the  ship's  length.  Thus  while  spinning  on  its 
vertical  axis  the  body  of  the  top  is  able  to  oscillate,  pendulum-like, 
lengthwise  of  the  ship. 

"  If  you  apply  a  brake  to  prevent  the  longitudinal  motion  of 
the  gyroscope,  the  effect,  even  though  the  fly-wheel  still  revolves 
at  full  speed,  is  precisely  as  if  you  pinioned  the  arms  of  a  strong 
.man,  so  that  he  saw^  the  futility  of  resistance  and  made  no 
struggle  to  free  himself.  Under  such  circumstances  the  gyro- 
scope, though  it  continues  to  spin  as  hard  as  ever,  has  no  effect 
whatever  in  preventing  the  rolling  of  the  ship;  it  stands  there, 
like  the  strong  man  bound,  expressing  its  discontent  with  an 
angry  groan. 

"  But  if  you  release  the  brake  so  that  the  entire  mechanism  is 
free  to  oscillate  lengthwise  of  the  ship,  all  is  changed.  It  is  as 
if  you  cut  the  cords  that  bound  the  strong  man's  arms.  Instantly 
the  mechanism  springs  into  action.  It  wnll  no  longer  allow  itself 
to  be  sw'Ung  with  each  roll  of  the  ship;  it  wall  resist  and  prove 
which  is  master.  Its  mighty  mass,  pivoted  on  the  lateral  trun- 
nions, lunges  forw-ard  and  backward  wnth  terrific  force,  as  if  it 
would  tear  loose  from  its  bearings.  It  causes  the  ship  to  pitch  a 
trifle  fore  and  aft  as  it  does  so;  but  meantime  its  axis  stands 
rigidly  erect  in  the  lateral  plane,  though  the  waves  push  against 
the  sides  of  the  ship  as  before.  The  decks  of  the  vessel  that  were 
tipping  from  side  to  side,  so  that  loose  objects  slid  from  one  rail 
to  the  other,  are  now  held  rigidly  at  a  level,  scarcely  permitted  to 
deviate  to  the  extent  of  a  violent  tremor. 

"  The  gyroscope  has  w^on  the  contest.  To  maintain  its  vic- 
tory it  must  continue  its  backward  and  forw^ard  plunging;  but 
from  side  to  side  its  axis  will  not  swerve. 

"  It  Avas  the  failure  to  understand  that  a  gyroscope  wheel,  to 
work  effectively,  must  be  given  the  opportunity  to  oscillate  in 
this  secondary  fashion  that  led  Sir  Henry  Bessemer  to  spend  an 
enormous  sum  in  a  vain  effort  to  accomplish  on  a  small  scale  what 
Dr.  Schlick's  gyroscope  accomplishes  for  the  entire  ship." 

I  have  quoted  this  description  of  the  use  of  the  gyroscope  in 
marine  navigation  for  the  reason  that  it  shows  the  practicabilit}^ 
of  its  adaptation  to  the  purpose  for  which  I  have  utilized  it;  and 
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while  it  is  true  that  the  two  systems  are  entirely  different,  and 
that  forces  are  used  in  my  system  that  are  not  considered  in  the 
least  in  the  former,  and  that  there  is  a  most  radical  difference 
in  the  two  things,  yet,  you  will  note  the  comparatively  small  wheel 
that  controls  the  torpedo  boat,  and  its  very  reasonable  rate  of 
revolution,  all  of  which  indicate  the  practicability  of  my  dis- 
covery. 

THE  dirigible  BALLOON  WITH  GYROSCOPE  CONTROL. 

This  new  discovery  for  the  propulsion  of  dirigible  air-ships 
is  based  on  the  development  and  application  of  gyroscope  forces, 
m  combination  with  the  force  developed  by  the  wind-pressure  on 
the  sail  of  the  air-ship. 

The  following-  well-known  law  of  mechanics  may  be  taken  as 
the  basis  of  this  discovery.  It  is  one  of  the  laws  which  govern 
the  motions  of  the  celestial  bodies,  the  sun,  the  planets,  and  the 
other  stars  in  their  revolutions  through  space :  A  body  suspended 
in  space  and  free  to  move  in  any  direction,  if  acted  upon  by 
two  or  more  extraneous  forces  will  take  up  a  motion  of  transla- 
tion in  the  line  of  its  least  resistance,  due  to  the  resultant  of  the 
forces  acting  upon  it. 

The  following  law  relating  to  and  governing  the  movements 
of  rotating  bodies,  may  also  be  here  referred  to,  viz. :  When 
a  body  rotating  upon  a  principal  axis  is  subjected  to  a  force 
tending  to  produce  another  rotation  not  parallel  to  the  fonner, 
the  resultant  effect  is  such  displacement  of  the  axis  of  the  original 
rotation,  with  respect  to  its  support,  as  is  most  favorable  to  the 
parallelism  of  the  two  rotations,  and  such  displacement  is  at  right 
angles  to  the  direction  of  the  disturbing  force. 

I  have  discovered  that  by  utilizing  the  reactive  g\Toscopic 
force  manifested  upon  any  attempt  to  change  the  direction  of 
the  axis  of  a  rotary  body,  in  combination  with  the  wind-pressure 
upon  a  balloon  floating  in  the  atmosphere  and  carrying  said  body ; 
that  the  movement  of  the  balloon  may  be  variably  determined  and 
controlled  by  correlation  of  the  force  developed  by  the  gyroscope 
and  the  force  of  the  air-current. 

In  other  words  my  invention  provides  means  whereby  wind- 
pressure  tending  to  diverge  a  balloon  from  a  predetermined  di- 
rection of  traverse,  may  be  variably  opposed  by  the  gyroscopic 
effect  of  a  rotarv  bodv  carried  bv  the  balloon  under  the  control 
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of  the  operator,  so  that  such  wind-pressure  may  be  utilized  to 
propel  the  balloon  in  directions  oblique  to  the  wind-pressure,  as 
in  ordinary  marine  navigation. 

The  gyroscopic  effect  that  I  refer  to  is  due  to  the  fact  that  a 
rotary  body  tends  to  maintain  constant  its  plane  of  rotation  and 
consequent  direction  of  its  axis  of  rotation  such  effect  being  in- 
creased or  diminished  in  correspondence  with  the  speed  of  rota- 
tion of  the  body. 

It  is  important  to  note,  however,  that  to  render  such  reactive 
effect  available  it  is  necessary  to  so  mount  the  rotary  body  that 
its  axis  of  rotation  is  free  to  oscillate  to  a  limited  extent  in  a 
direction  parallel  with  the  direction  of  said  axis. 

The  use  of  the  gyroscopic  forces  that  I  have  described  gii'es 
us  a  line  of  support  against  zvliich  zve  may  apply  and  ntili::e  zi'ind 
force  to  propel  our  craft.  Developing  the  forces  of  the  g}'roscope 
and  utilizing  them  in  combination  with  the  wind-pressure  in  the 
manner  that  I  do  actually  provides  a  lever  in  space  zvithout  a 
fulcrum  on  the  earth.  The  results  following  from  this  fact  are 
very  interesting. 

By  the  proper  use  of  sail  and  rudder  and  g}a-oscopic  forces 
the  dirigible  air-ship  may  be  sailed  in  various  directions  through 
the  atmosphere,  when  the  wind  is  blowing  at  variable  speeds,  and, 
as  we  are  navigating  on  an  ocean  some  five  miles  in  depth,  with 
no  rocks  or  obstructions,  you  can  readily  realize  the  vast  possibili- 
ties of  the  dirigible  air-ship,  particularly  for  war  purposes. 

I  will  now  explain  the  small  model  that  I  have  here,  which 
shows  the  resistance  of  the  gjTOScope  attached  to  the  deck  of  a 
dirigible  air-ship  to  the  resultant  of  the  wind-pressure  on  the  sail 
of  a  ship. 

You  will  note  the  manner  of  suspension  of  the  gyroscope  hung 
beneath  the  deck  of  the  dirigible  in  such  a  manner  that  it  is  quite 
free  to  oscillate  like  a  pendulum,  transversely  to  the  axis  of  the 
ship;  the  horizontal  axes  supporting  the  entire  structure,  or.  as 
you  will  observe,  being  above  the  centre  of  gravity  of  the  rotating 
mass. 

I  will  show  the  effect  of  wind-pressure  on  the  sail  of  the  ship 
in  two  ways;  first,  where  the  small  mast  supporting  the  sail  is 
attached  directly  to  the  deck  of  the  dirigible,  and,  secondly,  where 
said  small  mast  is  attached  directly  to  a  vertical  arm  connected 
with  one  of  the  supporting  trunnions  of  the  frame  of  the 
gyroscope. 
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The  effect  in  both  cases  is  similar.  Two  forces  are  struggling 
for  the  mastery  of  a  body  floating  in  space.  The  forces  referred 
to  are  the  force  developed  by  the  high-speed  rotation  of  the 
g3'roscopic  wheel  and  the  resultant  of  the  force  of  the  wind  on 
the  sail  of  the  ship. 

The  former  force  tends  to  maintain  the  axis  of  the  dirigible 
in  a  parallel  direction ;  whereas  the  force  of  the  wind-pressure  on 
the  sail  tends  to  twist  said  axis  out  of  its  line  of  direction. 

Fig.    I. 
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W ,  wind;  RW .  resultant  of  wind;  DE,  sail.  Draw  AX  parallel  to  DE.  From  point  D  erect 
at  right  angles  to  DE,  and  prolong  same  until  it  intersects  AX  at  B.  Draw  BC  at  right  angles 
to  HG  and  CD=force  in  direction  H  to  propel  the  ship.  The  structure  being  held  in  the  direc- 
tion HG  by  the  gyroscope  G . 

The  result  of  the  operation  of  these  two  forces  is,  that  the 
body  is  acted  upon  by  a  resultant  force  tending  to  give  it  a  motion 
of  translation  through  the  atmosphere  on  the  line  of  the  resultant 
aforesaid,  and  also  on  the  line  of  the  least  resistance  of  the  entire 
structure  to  motion. 

I  do  not  claim  absolutely  that  the  dirigible  balloon  can  be 
driven  in  any  direction  through  the  atmosphere  by  the  forces 
aforesaid,  independent  of  the  direction  of  the  drift  of  the  wind, but 
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I  think  it  can  be  readily  seen  that  if  we  draw  a  hne  at  right  angles 
to  the  drift  of  the  wind  that  the  dirigible  air-ship  can  be  propelled 
by  the  forces  in  cjuestion  at  any  angle  measured  in  the  arc  of  i8o 
degrees  from  said  line  in  the  direction  of  the  wind  drift. 

As  to  the  angle  that  the  air-ship  can  be  driven  on  the  other 
side  of  said  line  to  the  varying  degrees  of  arc  against  the  wind 
drift.  I  can  only  say  that  I  think  this  can  be  determined  only  by 
practical  experiment,  as  there  are  so  many  conditions  entering 
into  this  problem,  such  as  the  shape  of  the  structure,  size  of  its 
sails,  force  and  power  of  its  gyroscope,  skin  friction,  and  other 
matters  which  would  have  to  be  considered  and  can  be  best 
determined  by  practice. 

It  is  evident  from  what  I  have  said  that  the  g}^roscope  can  also 
be  used  to  control  the  direction  of  traverse  of  a  dirigible  balloon 

Fig.  2. 
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DB,  sail;    DE,  direction  and  force  of  wind;    CE.  resolved  component  at  right  angles  to  sail; 
GE,  the  effective  resolution  of  this  component  applied  to  pushing  the  ship  ahead. 


propelled  or  drawn  through  the  atmosphere  by  means  of  screws. 
In  this  case  the  structure  would  take  up  a  motion  of  translation 
parallel  to  the  resultant  of  the  forces  applied. 

The  diasfram,  Fig.  i,  shows  the  resultant  of  the  force  of  the 
wind  acting  upon  the  sail  of  a  ship  to  propel  it  in  the  direction  H, 
parallel  to  its  axis,  and  a  similar  composition  and  resolution  of 
forces  is  applicable  to  the  dirigible  balloon  with  gyroscope  control. 
The  figures  /  H  represent  the  deck  of  the  ship ;  D  B  the  sail ;  D  E 
the  direction  and  force  of  the  wind  on  said  sail  at  the  point  E. 
C  E  will  tlien  be  the  resolved  component  at  large  perpendicular 
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to  the  sail.  G  E  will  be  the  effective  resolution  of  this  component 
applied  to  pushing-  the  ship  in  the  direction  H. 

In  Fig.  2  we  sliow  the  composition  and  resolution  of  forces 
acting  upon  the  deck  of  the  dirigible  to  drive  same  in  the  direc- 
tion H ,  as  sho^^•n.  In  this  drawing  Jl'  represents  the  wind.  R  U^ 
represents  resultant  of  wind-pressure.     D  B  represents  sail. 

]3raw  Ax  parallel  to  D  E.  From  point  D  erect  perpendicular 
to  D  E  and  prolong  same  until  it  intersects  As  at  B.     Draw  B  C 


Fig. 
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perpendicular  to  H  G  and  C  D  equals  force  in  direction  H  to 
propel  the  ship.  The  structure  being-  held  in  the  direction  H  G 
by  the  gyroscope  G. 

CONSTRUCTION  OF  THE  GYROSCOPE. 

The  gyroscope  may  be  constructed  to  operate  by  either  a 
power  of  steam,  electricity,  or  on  the  combustion  engine  principle. 
T  prefer  the  latter  owing  to  its  simplicity,  and  submit  herewith  a 
photograph  of  a  gyroscope  consisting  of  five  cast-iron  cylinders 
rotating  about  the  common  shaft  (Fig.  3).      This  engine  is  built 
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by  the  Adams  Company,  Dubuque,  Iowa,  and  is  operated  in  a 
horizontal  position  on  a  vertical  axis  to  propel  an  automobile. 
By  turning  the  engine  and  operating  it  on  a  horizontal  axis,  sup- 
ported in  an  oscillatory  frame,  as  shown  on  the  small  model 
herewith  submitted,  the  construction  of  the  gyroscope  is  at  once 
solved,  without  the  necessity  of  any  expensive  experimentation. 
The  photograph  submitted  shows  engine  in  a  quiescent  state 
and  also  rotating  at  a  speed  of  about  a  thousand  revolutions  per 
minute. 

THE  CONSTRUCTION  OF  THE  ENVELOPE,  OR  W^HAT  IS  PRACTICALLY 
THE   HULL   OF   THE   SHIP. 

Of  course  in  a  dirigible  it  is  essential  that  the  envelope  should 
possess  a  certain  degree  of  rigidity  to  enable  it  to  be  forced 
through  the  atmosphere  in  varying  directions  and  at  some  consid- 
erable speed. 

I  have  heretofore  in  this  paper  described  the  method  of  con- 
struction of  the  German,  French,  and  English  dirigibles,  all  of 
which  possess  the  property  of  rigidity  of  envelope  to  a  certain 
degree. 

While  I  do  not  regard  it  as  at  all  essential,  yet  I  think  it  would 
be  quite  feasible  to  construct  a  dirigible  balloon  out  of  plates  of 
rolled  aluminum.  These  plates  are  i/ioo  in.  in  thickness  and 
weigh  .1396  pounds  to  the  square  foot.  They  will  stand  a  tensile 
strain  of  23,000  pounds  per  square  inch. 

I  think  that  it  will  be  feasible  to  construct  the  body  of  the 
dirigible  out  of  plates  of  this  metal  lined  on  the  interior  with  a 
silk  material  impervious  to  gas. 

The  following  calculations  show  the  lifting  power  of  a 
dirigible  balloon  cylinder,  200  feet  long.  50  feet  in  diameter, 
terminated  by  cones  at  both  ends  each  50  feet  in  length,  the  said 
dirigible  balloon  being  made  of  aluminum  plate  above  described. 

CALCULATIONS. 

Weight  of  cu.  ft.  of  air  =  .0765  lbs. 

Weight  of  cu.   ft.  of  hydrogen  ^=  .00527  lbs. 

Weight  of  sq.  ft.  Al.  i/ioo  in.  thick    =.140  lbs. 

Weight  of  government  envelope  =  5.842  oz.  per  sq.  yard,  .04  lbs.  per  sq.  ft. 

Area  of  circle  ^~R" 

R  =  radius. 
Circum.  of  circle  ^2~R. 

Volume  of  cone^V^  area  of  base  X  altitude. 
Surface  of  cone  =^  circumference  of  base  X  Ij  slant  height. 
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CALCULATIONS     FOR    THE    CONSTRUCTION    OF    A    DIRIGIBLE    AIR-SHIP. 

200  ft.  in  length ; 
50  ft.  in  diameter. 
Cylindrical  in  shape  (with  pointed  ends)  bow  and  stern. 
The  calculation  of  the  cylinder  aforesaid. 

This  calculation  is  based  upon  the   following  data : 
I  cu.  ft.  of  air  weighs  .0765  lbs. 
I   sq.  ft.  of  aluminum  metal  plate,  30  gauge,  i/ioo  of  an  inch  thick,  weighs 

.140  lbs. 
I  cu.  ft.  of  hydrogen  gas  weighs  .00527  lbs. 
C=^2- R.  =2  X  3.1416  X  25  ft.  =  157.08  sq.  ft. 
157.  X  200^31400  sq.  ft.  ^  surface  of  cylinder. 
31400  X  .14  =  4396  lbs.  ^  weight  of  cylinder. 

Area  of  base  of  cylinder,  S=:~R^  =3.1416  X  (25)'''^  1963.5  sq.  ft. 
1963.5X200     ^392700  cu.  ft.  =  contents  of  cylinder. 
392700  X  .0765  =30041.55  \hs.  =zveiglit  of  air  displaced. 
392700   X  .00527^2069.52  \hs.  ^weiglit  of  the  hydrogen  in  the  cylinder. 

Weight  of  the  cylinder  =  4396  lbs. 
Weight  of  hydrogen  in  same  =  2069.52  lbs. 
Total  weight  of  C.  &  H.  =  6465.52  lbs. 

Weight    of   air    displaced    by    the    cylinder    which    is    equal    to    the    buoyant 
effort  =  30041.55  lbs. 
Total  weight  of  C.  &  Hy.  =  6465.52  lbs. 
Total   buoyant   effort  =  23576.03  =  11    tons   +. 

THE   TWO    CONES    THAT    FORM    THE    ENDS    OF    SHIP.' 

Vol.  =  Ys   area  of  base  x  length. 
Area  of  surface  =  area  of  base  X  slant  height. 

Radius  of  base. 
D  =  5o  ft.  R.  =  25  ft.  x  =  50  ft.  slant  height  =  70  ft. 

Area  of  base. 
Vol.  =  ^  of  1963.5  sq.  ft.  X  50  ft.  ^32725.0  cu.  ft.  contents. 

1963.50 
Surface X  70  =  5495  sq.  ft.  —  surface  of  cone. 

25 

Total  2  cones 5006  lbs. 

1883  lbs. 

Buoyant   effort  of  both   cones....   3123  lbs. 

Cones  weight    769.3 

Gas  weight  172.5 

941.8 
.2 

Total  2  cones  weight 1883.6 

32725    (contents  in  cu.  ft.)  X  .0765    (wt.  of  i   cu.   ft.  of  air)  =2503.4625 
lbs.  =^  weight   of   air   in   lbs.   in   cone   displacement,   and   32725.    (contents   in 
cu.  ft.)  X  .00527   (wt.  of  I  cu.  ft.  of  H.)  =172.45  lbs.  ^wt.  of  hydrogen  in 
cone. 
And 

5495  sq.  ft.  X  .14  (wt.  of  I  sq.  ft.  of  Al.  plate)  =769.3  wt.  of  cone. 
And 
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769.3   (cone  wt.)  -j-  172.5   (gas  \vt. )  =941.8  lbs. 
And 

941.8  lbs.  X  2  (two  cones)  =  1883.6  lbs.  weight  of  the  two  cones,  with 
their  gas. 

2503  (displacement  of  i  cone)  X  2  =^  5006  lbs.  ^  wt.  of  the  air  dis- 
placed by  the  two  cones. 

769.3   (wt.  of  I  cone)  -|-  172.5   (gas  wt.  in  i  cone)  ^  941.8  ^wt.  of  cone 
and  H.  gas,  and  941.8  X  2^1883.6  wt.  of  2  cones  and  their  H.  gas. 
Therefore 

5006  lbs.   (wt.  of  the  air  in  both  cones)  — 1883  lbs  =  3223  lbs.  ^buoyant 
effort  of  both  cones. 
Total 

23576.03  lbs.  (buoyant  effort  of  cylinder) -j- 3123  lbs.  (buoyant  effort 
of  cones)  ^26699  lbs.  ^  13  tons. 

As  a  corollaiy  to  the  method  of  controlHng-  a  dirigible  balloon 
by  means  of  g}'roscopic  forces,  as  hereinabove  described,  I  desire 
to  submit  the  following  suggestion,  in  regard  to  explaining  the 
method  of  flight  of  certain  birds  that  are  enabled  to  progress  for 
long  distances  in  the  horizontal  plane,  parallel  to  the  siu'face  of 
the  earth,  without  moving  their  wings  in  the  least.  Of  course 
the  motion  of  translation  of  soaring  birds  and  also  those  which 
are  progressing  in  planes  at  more  or  less  of  an  angle  to  the  surface 
of  the  earth  is  a  comparati\'ely  simple  matter  to  explain,  a.s  it  is 
simply  a  motion  of  progression  dependent  upon  the  use  of  the 
incline  plane  or  the  helix;  but  when  a  bird  such  as  the  albatross 
will  hold  its  wings  perfectly  rigid  and  follow  a  ship  for  a  number 
of  days  consectitively.  progressing  all  the  time  in  the  horizontal 
plane,  parallel  to  the  surface  of  the  ocean  such  progress  has  never 
been  susceptible  of  explanation. 

iNIr.  Alaxim,  I  think,  and  others  have  attempted  to  explain  this 
matter  by  imagining  vertical  currents  of  air  at  right  angles  to  the 
surface  of  the  earth,  which  assist  a  bird  in  its  progression  in  the 
horizontal  plane. 

I  think  that  the  hypothesis  of  vertical  currents  of  air  assumed 
to  account  for  the  matter  is  untenable  and  impossible  of  proof 
and  contrary  to  reason. 

I  have  recently  had  an  opportunitv  to  carefully  observe  and 
study  the  method  of  sailing  of  the  turkey  buzzard,  and  believe 
that  its  motion  of  translation  in  the  horizontal  plane  without 
moving  its  wings  is  due  precisely  to  the  practical  development  and 
action  of  the  forces  that  I  have  described  in  connection  with  the 
g}TOSCopic  dirigible  balloon. 

The  bird  points  its  head  in  the  direction  that  it  wishes  to  go, 
at  an  angle  to  the  wind,  and  consequently  maintains  its  body  more 
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or  less  rigid  in  the  same  direction ;  its  wings  acting  as  sails  receive 
the  pressure  from  the  wind,  which  is  resisted  by  the  rigidity  of 
the  body  of  the  bird,  naturally  holding  himself  in  the  direction 
that  he  wishes  to  travel — the  resultant  force  impels  the  bird  in 
the  horizontal  plane  at  high  speed  at  an  angle  to  the  drift  of  the 
wind. 

The  rigidity  of  the  longitudinal  axis  of  the  bird  is  precisely 
comparable  to  the  rigidity  of  the  longitudinal  axis  of  the  deck  of 
the  dirigible  balloon,  held  in  that  line  by  the  force  of  the  gyro- 
scope. The  resultant  of  the  forces  of  the  wind-pressure  on  the 
sails  and  the  resistance  of  the  gv'roscope  to  be  pushed  out  of  its 
plane  of  revolution  naturally  impel  the  structure  to  take  up  a 
motion  of  translation  in  the  horizontal  plane  and  in  the  line  of  the 
least  resistance. 

INDIA'S  MICA  INDUSTRY. 

The  Consul-General  of  Calcutta,  advises  that  an  American  company  has 
acquired  a  mica  mine  near  Kodarma  which  is  on  the  East  India  Railway, 
250  miles  from  Calcutta,  and  is  operating  with  success.  The  output  in  1907 
was  curtailed  somewhat  by  financial  conditions  in  the  United  States,  wdiither 
the  whole  production  of  the  mine  is  exported.  The  company  is  really  a  part 
of  a  concern  operating  in  the  United  States  in  the  manufacture  of  mica 
goods  of  all  kinds.  The  company  employs  700  hands  at  Kodarma  and  a 
European  assistant  superintendent,  all  under  a  practical  mica  man,  who  is  a 
native  of  the  United  States.  The  company  shipped  in  1907  200  cases  of  lOO 
pounds  each  and  expects  to  increase  the  amount.  The  mica-mining  industry 
in  other  districts  is  reported  to  be  steadily  increasing.  The  total  exports 
of  mica  during  1907  increased  by  $477,666  over  the  previous  year,  or  59.75 
per   cent. 

GROWING  EASTERN  HARDWOODS  IN  CALIFORNIA. 

The  Pacific  Coast  will  soon  be  the  scene  of  an  interesting  tree-growing 
experiment.  The  United  States  Forest  Service  is  planning  to  introduce  a 
number  of  the  more  important  eastern  hardwoods  into  California,  and  will 
this  year  experiment  with  chestnut,  hickory,  basswood,  red  oak,  and  yellow 
poplar  or  tulip  trees.  Small  patches  of  these  trees  will  be  planted  near  the 
forest  rangers'  cabins  in  the  National  Forests,  and  if  these  do  well  larger 
plantations  on  a  commercial   scale  will   soon  be  established  on  wider  areas. 

There  are  over  125  different  species  of  trees  in  California,  a  number 
of  which  produce  some  of  the  most  valuable  varieties  of  lumber  in  the 
country.  Although  considerably  over  one-half  of  the  species  are  hardwood 
or  broad-leaved  trees,  yet,  with  the  exception  of  the  exotic  eucalyptus,  there 
is  not  a  single  species  of  hardwood  here  ranking  in  commercial  importance 
with  the  leading  eastern  hardwoods.  Climatic  conditions  in  many  parts  of 
California  are  undoubtedly  favorable  for  the  growth  of  a  number  of  the 
valuable  hardwoods,  and  the  absence  of  these  trees  is  due  mostly  to  unfavor- 
able factors  of  seed  distribution. 

If  the  experiments  are  successful,  a  valuable  asset  will  have  been  added 
to  the  forest  resources  of  this  State,  which  should  prove  of  special  benefit  to 
the  local  furniture  and  vehicle  industries.  Chestnut  and  red  oak  are  highly 
esteemed  for  furniture,  while  with  hickory,  basswood,  and  eucalyptus  at  its 
command,  California  should  lead  all  other  States  in  the  vehicle  industry. 
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IMPROVEMENT  OF  POWER-FACTOR  AND  COMMUTA- 
TION CONDITIONS  IN  SINGLE-PHASE  SERIES 
MOTORS. 

BY 

A.  s.  McAllister,  Ph.D. 

Two  of  the  most  discouraging  characteristics  of  the  series 
motor  which  confronted  the  early  designers  of  this  machine  were 
its  inherently  low  power-factor  and  its  destructive  sparking. 
The  abandonment  of  this  type  of  machine  some  fifteen  or  more 
years  ago  and  the  development  of  its  rivals  for  heavy  service  can 
be  attributed  almost  exclusively  to  the  existence  of  these  two 
characteristics.  It  is  well  recognized  at  the  present  day  that  a 
lowering  of  the  frequency  of  supply  simultaneously  increases  the 
power-factor  and  improves  the  commutation  condition,  so  that 
the  designing  of  a  single-phase  series  motor  for  the  present-day 
frequency  of  twenty-five  cycles  is  a  much  simpler  task  than  the 
problem  that  faced  the  designer  when  one  hundred  and  twenty- 
five  cycles  was  in  common  use  and  when  sixty  cycles  was  con- 
sidered a  ver}'  low  frequency. 

POWER-FACTOR. 

Among  the  methods  that  have  been  devised  for  increasing 
the  power-factor  of  single-phase  series  motors  the  most  popular 
has  proved  to  be  the  one  by  which  the  wattless  component  of 
the  voltage  is  decreased  by  compensating  the  armature  m.m.f. 
With  perfect  compensation  the  only  reactance  of  the  motor  cir- 
cuits would  be  that  due  to  the  alternation  of  the  main  field  flux 
through  the  field  coils.  By  the  use  of  a  low  value  of  flux  pro- 
duced by  few  field  circuit  turns  per  pole,  the  poAver-factor  can 
be  caused  to  assume  a  satisfactorily  high  value  when  the  speed 
is  such  as  to  produce  a  relatively  large  counter  e.m.f.  across  the 
armature;  evidently  the  greater  the  number  of  armature  turns, 
40 
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the  lower  the  speed  necessary  to  produce  a  certain  counter  e.m.f. 
at  the  brushes.  It  is  seen,  therefore,  that  a  high  operating 
power-factor  dictates  the  selection  of  a  relatively  large  number  of 
armature  turns  as  compared  with  the  field  circuit  turns.  The 
numerical  relation  existing  in  the  familiar  compensated  single- 
phase  series  motor  is  fairly  well  expressed  by  the  statement  that 
at  synchronous  speed  the  cotangent  of  the  angle  of  lag  of  the 
current  behind  the  e.m.f.  is  equal  to  the  ratio  of  the  effective 
number  of  armature  turns  to  field  circuit  turns ;  moreover,  the 
cotangent  varies  directly  with  the  speed.  The  power-factor — • 
the  cosine  of  the  angle  of  which  the  cotangent  is  here  defined — 
evidently  increases  with  the  speed  also,  but  not  in  direct  pro- 
portion. 

The  value  of  the  ang-le  of  lag  stated  above  would  be  absolutelv 
correct  if  the  losses  in  the  machine  were  negligible,  and  if  the 
magnetic  reluctance  of  the  field  and  armature  cores  were  constant. 
Even  when  the  copper  losses  are  taken  into  consideration,  the 
cotangent  of  the  angle  of  lag  is  found  to  vary  directly  with  the 
speed,  but  not  to  have  zero  value  at  standstill.  That  is  to  say, 
at  zero  speed  the  cotangent  is  equal  to  the  total  resistance  of  the 
motor  circuits  divided  by  the  total  reactance  of  the  motor,  the 
reactance  being  confined  to  the  field  circuit ;  under  speed  condi- 
tions there  is  added  to  the  cotangent  a  value  which  varies  in 
exact  proportion  to  the  speed  and  at  synchronous  speed  is  equal 
to  the  effective  armature  turns  divided  by  the  field  circuit  turns. 
The  iron  loss  may  be  treated  in  part  as  an  effective  copper  loss 
and  in  part  as  a  cyclic  change  in  the  reluctance  of  the  core.  The 
cyclic  change  in  the  reluctance  is  in  a  direction  to  decrease  the 
angle  of  lag  under  speed  conditions  and  thereby  to  improve  the 
operating  power-factor.  The  latter  change,  which  is  small  for 
the  whole  magnetic  circuit  and  which  will  be  shown  subsequently 
in  greatly  augmented  form,  will  be  neglected  in  the  initial  treat- 
ment given  below. 

Fig.  I  shows  the  vector  e.m.f.  diagram  of  the  compensated 
single-phase  series  motor  for  unit  current;  that  is,  it  gives  the 
impedance  diagram  of  the  machine.  The  arrow  shows  the  time- 
phase  position  of  the  current  which  is  assumed  to  have  an  effective 
value  of  one  ampere.  OA  is  the  resistance  volts  consumed  in 
the  field  circuit — the  field  circuit  resistance ;  AB  is  the  reactance 
volts  consumed  in  tlie  field  circuit — the  field  circuit  reactance :  OB 
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is  the  e.m.f.  impressed  across  the  field  coils — the  impedance  of 
the  circuit.  BC  is  the  resistance  volts  consumed  in  the  armature 
and  compensating-coil  circuits  when  the  rotor  is  stationary — the 
resistance  of  these  circuits ;  CD  is  the  reactance  volts  consumed 
in  the  armature  and  compensating-coil  circuits  with  stationar}' 
rotor — the  reactance  of  these  circuits;  BD  is  the  e.m.f.  impressed 
across  the  armature  and  compensating--coil  circuits  with  stationary 
rotor — the  stationaiy  impedance  of  the  armature  and  compen- 
sating-coil circuits.  OD  is,  therefore,  the  impedance  of  the  whole 
machine  when  the  rotor  is  stationary  and  COA  is  the  angle  of 
lag  of  the  current  behind  the  e.m.f.  at  starting. 

Under  speed  conditions  there  is  produced  at  the  brushes  an 
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e.m.f.  in  time-phase  with  the  field  flux  and  hence  in  time- 
quadrature  to  the  field  circuit  reactance  volts  AB  of  Fig.  i.  The 
speed  e.m.f.  is  shown  in  direction  by  the  line  DG  at  right  angles 
to  BA  and  DC ;  it  is  in  time-phase  with  OA  and  BC  and  hence 
acts  as  an  addition  to  the  resistance  e.m.f. ;  its  value  is  such  that 
at  synchronous  speed. — represented  at  the  point  5, — DS  bears  to 
AB  the  ratio  of  the  effective  armature  turns  to  the  field-circuit 
turns.  At  any  speed,  such  as  that  represented  by  the  point  E, 
EOA  is  the  angle  of  lag  of  the  current  behind  the  e.m.f.  The 
cotangent  of  this  angle  equal  to  (OA  +  BC  +  DE)  ^-  {AB-\- 
CD)  varies  with  the  speed  and  would  be  proportional  directly 
thereto  if  the  constant  value  of  OA-\-BC  were  negligible  in 
comparison  with  AB-\-CD;  moreover,  representing  the  speed 
with  svnchronism  as  unity  by  S,  the  cotangent  would  have  the 
value  5  (DE-^BA)  if  0A_,  BC,  and  CD  were  negligible  in 
comparison  with  BA.     It  should  here  be  stated  that  the  values  of 
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OA  and  CD  may  well  be  considered  as  negligible,  but  BC  cannot 
be  ignored. 

The  admittance  (current  for  unit  e.m.f.  )  locus  of  the  machine 
based  on  the  impedance  (e.m.f.  for  unit  current)  locus  of  Fig.  i 
without  any  modifying  assumptions  is  given  in  Fig.  2.  OIc  is 
the  current  (admittance)  at  starting;  it  lags  behind  the  e.m.f. 
by  the  angle  VOD  which  is  equal  to  the  angle  AOD  of  Fig.  i. 

Fig.  2. 
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Current  locus  (amperes  at  one  volt)  of  compensated  series  motor. 

At  synchronous  speed  the  current  (admittance)  has  the  value 
01  s  and  lags  behind  the  e.m.f.  by  the  angle  VOS  which  is  equal 
to  the  angle  AOS  of  Fig.  i.  The  locus  of  the  extremity  of  the 
current  (admittance)  vector  is  evidently  the  arc  of  a  circle  be- 
cause the  motor  circuits  are  electrically  equivalent  to  a  constant 
reactance  in  series  with  a  resistance,  which  varies  directly  with 
the  speed.  From  the  cotangent  relations  explained  above  it  will 
be  appreciated  that  the  speed  can  be  represented  along  the  line 
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PDESG — parallel  with  OV, — D  being  zero  speed  and  5"  syn- 
chronism. At  any  point  on  the  line  PFE,  DE  is  the  speed;  01  is 
the  current;  VOI  is  the  angle  of  lag  of  the  current  behind  the 
e.m.f. ;  cos  VOI  is  the  ix)wer- factor ;  IC  is  the  power  absorbed 
by  the  motor — to  a  proper  watt  scale ;  CL  is  the  resistance  power 
loss  in  the  motor  circuits;  OC  is  the  rotor  torque — to  a  proper 
scale. 

In  explanation  of  the  loss  and  torque  relations  in  Fig.  2  it 
should  be  stated  that  in  any  circle  whatsoever  the  projection  of  a 
chord  upon  a  diameter  having  the  same  intersecting  point  at  the 
circumference  is  proportional  to  the  square  of  the  length  of  the 
chord.  Thus  in  Fig.  2,  OC  is  proportional  to  01  ^ ;  since  both 
the  field  flux  and  the  armature  current  vary  with  01  the  torque, 
which  depends  upon  the  product  of  the  two,  is  proportional  tO' 
01  ^,  or  to  OC.  When  the  scale  is  so  chosen  that  OB  equals  the 
starting  torque,  then  OC  is  equal  numerically  to  the  total  torque 
— to  overcome  both  the  load  and  the  friction — produced  by  the 
current  01.  Since  CL  remains  proportional  to  OC  for  all  values 
of  01,  it  follows  the  CL  is  proportional  to  0/-.  Hence,  since 
Bis  is  the  copper  (PR)  loss  for  current  OL,  CL  is  the  copper 
loss  for  the  current  01.  CI  being  the  total  power  received  by 
the  motor,  LI  is  the  effective  power  remaining  after  the  copper 
loss  has  been  subtracted ;  LI  can  be  considered  as  the  sum  of  the 
output  and  the  iron  and  fraction  losses  of  the  machine. 

It  should  be  noted  particularly  in  this  connection  that  in  the 
diagrams  shown  in  Figs,  i  and  2  full  account  is  taken  of  the 
resistance  and  the  reactance  of  all  of  the  electric  circuits  without 
modifications,  the  only  error  involved  being  that  attributable  to 
considering  the  machine  to  possess  constant  reluctance  in  its 
main  magnetic  circuits. 

The  change  in  the  reluctance  of  the  main  magnetic  path  pro- 
duces two  effects, — on  account  of  "  saturation  "  the  reactance 
is  not  constant,  so  that  the  current  locus  departs  from  a  true 
circle ;  bv  reason  of  the  "  hysteretic  angle  of  lag  "  between  the 
field  flux  and  the  m.m.f.,  the  counter  e.m.f.  across  the  armature 
is  not  accurately  in  time-phase  opposition  to  the  current,  but  lags 
somewhat  behind,  so  that  the  current  tends  to  lead  the  e.m.f.; 
the  effect  of  speed  is,  therefore,  similar  to  the  addition  of  a  slight 
amount  of  condensance  as  well  as  resistance  in  series. 


Single-Phase  Series  Motors. 


45 


POWER-FACTOR   IMPROVEMENT. 

It  is  possible  to  increase  the  condenser  effect  to  a  very  ap- 
preciable extent  by  causing-  the  field  flux  to  lag  g-reatly  behind  the 
current  taken  by  the  motor.  This  result  can  conveniently  be 
obtained  by  placing-  resistance  in  parallel  with  the  field  coil  so 
that  the  field  m.m.f.  lags  considerably  with  respect  to  the  motor 
current,  which  latter  is  the  vector  sum  of  the  current  in  the  field 
coil  and  that  in  the  shunting  resistance. 

The  impedance  (  e.m.f.  for  unit  field  current)  diagram  of  the 
compensated  series  motor  with  shunted  field  coil  is  given  in  Fig. 
3,  which  should  be  compared  with  Fig.  i. 

Fig.  3. 


E.  m.  f.  locus  (volts  at  one  ampere  of  field  current)  of  compensated  series 
motor  with  shunted  field  coils. 

In  Fig.  3,  01  f  is  one  ampere  of  field  current.  OA  is  the  field 
circuit  resistance  volts;  AB  is  the  field  circuit  reactance  volts; 
OB  is  the  e.m.f.  impressed  across  the  field  circuit  impedance. 
01  ^  is  the  current  in  the  resistance  in  parallel  with  the  field  circuit. 


01- 


-the  vestor  sum  of  01^  and  Oh — is  the  motor  current  which 


passes  through  the  armature ;  BC — in  parallel  with  01 — is  the 
resistance  volts  in  the  stationary  armature  and  compensating-coil 
circuits  ;  DC — in  time-quadrature  with  01 — is  the  reactance  volts 
in  the  stationar}'  armature  and  compensating-coil  circuits,  while 
BD  is  the  e.m.f.  impressed  across  the  impedance  of  the  compen- 
sating-coil and  stationaiT  armature  circuits.  The  total  e.m.f. 
to  produce  the  current  01  in  the  motor  at  starting  is  OD. 

Under  speed  conditions  there  is  produced  at  the  brushes  an 
e.m.f.    in   time-quadrature   with   the  field   reactance   e.m.f.   AB. 
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The  position  of  this  e.m.f.  is  shown  by  the  Hne  DEF — drawn 
parallel  to  the  line  01  f.  The  value  of  the  speed  e.m.f.  for  unit 
field  current  is  the  same  in  all  respects  as  that  of  the  speed  e.m.f. 
in  Fig.  I.  At  synchronous  speed  it  has  the  value  DF,  the  total 
niotor  e.m.f.  then  being  OF  which  lags  behind  the  motor  current 
by  the  angle  lOF  of  Fig.  3 — instead  of  leading  by  the  angle  SO  A 
as  in  Fig.  i.  Hence  in  Fig.  3  the  current  is  in  time  advance  of 
the  e.m.f.  and,  therefore,  it  possesses  a  leading  quadrature  watt- 
less (condenser)  component. 

It  \\\\\  be  seen  from  Fig.  3  that  the  time-phase  position  of  the 
e.m.f.  with  respect  to  the  motor  current  depends  not  only  on  the 
speed  but  also  on  the  value  of  the  current  in  the  resistance  shunt- 
ing the  field  coil.  The  latter  current  can  Ije  varied  at  will  to 
change  the  operating  power-factor  without  afTecting  appreciably 
the  speed-torque  characteristics  of  the  machine.  \\'hen  the 
shunted  current  passes  through  an  inductance  circuit  rather  than 
through  a  non-inductive  resistance  the  torque  is  increased  with- 
out affecting  appreciablv  the  operating  power-factor  at  each  rota- 
tive speed.     These  facts  will  be  discussed  more  fully  below. 

It  may  be  well  in  this  connection  to  describe  the  current  locus 
at  constant  e.m.f.  of  the  compensated  single-phase  series  motor 
with  resistance  connected  in  parallel  with  its  field  coils.  Such  a 
locus  is  shown  in  Fig.  4.  It  differs  from  the  locus  of  Fig.  2  by 
the  addition  of  a  locus  for  showing  the  current  passing  through 
the  resistance  in  parallel  with  the  field  coil,  and  of  a  locus  for 
showing  the  resultant  of  the  current  through  the  field  coil  and 
that  through  the  shunted  resistance.  Evidently  the  latter  locus 
shows  the  current  which  reaches  the  armature,  which  is  likewise 
the  current  taken  by  the  motor  from  the  supply  circuits. 

Since  the  field  circuit  is  assumed  to  be  strictly  inductive  and 
the  shunted  resistance  is  non-inductive,  the  currents  through  these 
circuits  are,  under  all  conditions,  in  time-quadrature,  and  they 
vary  in  value  directly  with  each  other.  Since  the  locus  of  the 
field  current  is  a  circle,  the  locus  of  the  shunted  current  is  also  a 
circle ;  these  tw'O  circles  are  at  right  angles  to  each  other,  as 
shown  in  Fig.  4.  At  a  certain  speed  such  as  represented  by  F  in 
Fig.  4  the  field-circuit  current  would  have  the  value  of  OF  w^hile 
the  shunted  current  would  have  the  value  01^.  The  vector 
(quadrature)  sum  of  these  two  currents  is  the  current  which 
reaches  the  armature,  as  shown  in  Fig.  4  as  OF     The  locus  of 
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the  current  01  is  the  arc  of  a  circle  passing  through  the  points 
O,  N ,  and  A.  It  is  evident  at  once  that  when  the  speed  has  such 
a  vahie  as  to  cause  the  resukant  current  to  be  within  the  value 
represented  as  ON,  the  angle  of  lag  becomes  negative  and  the 
wattless  component  of  the  current  is  leading  with  respect  to  the 
supply  electromotive  force. 

Fig.  4. 


Current  locus  (amperes  in  each  circuit  at  one  volt)  of  compensated  series 
motor  with  shunted  field  coils. 


The  complete  performance  of  the  motor  with  the  resistance 
in  shunt  to  the  field  coils  can  be  ascertained  directly  from  Fig.  4. 
Under  starting  conditions  the  field  current  is  OZ  and  the  field 
circuit  loss  is  represented  by  ZB ;  the  resultant  current  is  0/„; 
the  total  losses  at  starting  being  represented  by  the  line  ZB ; 
under  any  speed  conditions  such  as  '.hat  represented  by  the  point 
F ;  the  total  losses  are  shown  by  the  distance  LC.  Under  the 
assumed  conditions,  LI^  is  the  motor  output  while  C/^  is  the 
motor  input,  and  the  ratio  of  these  two  values  is  the  efficiency. 
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The  line  01  shows  the  current  taken  by  the  motor,  while  the 
power-factor  is  the  cosine  of  the  angle  ION.  The  torque  is 
represented  by  the  distance  OC.  The  speed  is  evidently  shown 
by  the  distance  DF. 

It  is  evident  from  the  discussion  given  above  that  the  dis- 
advantageous conditions  with  reference  to  the  lower  power-factor 
of  single-phase  motors  can  easily  be  overcome.  It  remains  now 
to  discuss  the  methods  which  may  be  employed  for  overcoming 
the  sparking  in  alternating-current  commutator  motors. 

COMMUTATION. 

Even  a  superficial  examination  of  the  circuits  of  a  single- 
phase  motor  of  the  commutator  type  will  show  that  the  coil  which 
is  spanned  by  the  brush  is  the  seat  of  an  electromotive  force  gen- 
erated by  the  fluctuations  in  the  value  of  the  main  field  magnetism 
which  it  surrounds.  The  destructive  sparking  which  was  observed 
in  the  early  type  of  single-phase  commutator  motors  was  due 
almost  wholly  to  this  electromotive  force  and  not  to  the  fluctua- 
tions in  the  value  of  the  main  current  which  passed  through  the 
brushes.  That  is  to  say,  the  mere  reversal  in  the  value  of  the 
alternating-current  through  the  coils  of  the  armature  has  a 
negligible  effect  upon  the  commutation  in  comparison  with  the 
enormous  eft'ect  attributable  to  the  short-circuiting  by  the  brush 
of  a  coil  in  which  an  active  electromotive  force  is  generated  by 
transformer  action.  As  a  matter  of  fact,  the  reversal  of  an 
alternating-current  presents  no  difficulties  greater  than  those  en- 
countered in  reversing  a  direct-current  of  equal  value,  since  in  any 
event  the  frequency  of  reversal  is  many  times  as  great  as  the 
frequency  of  alternation  in  the  value  of  the  main  current. 

The  e.m.f.  short-circuited  by  the  brush  has  a  value  which 
depends  upon  the  product  of  the  number  of  turns  in  the  coil  under 
the  brush,  the  value  of  the  field  flux,  and  the  value  of  the  main 
circuit  frequency ;  it  can  be  reduced  to  a  fairly  low  value  by  using 
only  one  armature  turn  between  adjacent  commutator  segments, 
utilizing  a  small  value  of  field  flux,  and  operating  the  machine  at 
a  low  circuit  frequency.  However,  even  under  the  most  advan- 
tageous conditions  the  e.m.f.  has  a  value  sufficient  to  produce  de- 
structive sparking  unless  means  are  employed  to  minimize  its 
effect. 

In  motors  of  the   repulsion  type,   and   in  certain   fonns  of 
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single-phase  series  motors  on  which  special  comnuitating  coils 
are  employed,  it  is  possible  to  cause  to  be  generated  in  the  coil 
under  the  brush  by  speed  action — when  the  armature  is  in  motion 
— an  electromotive  force  opposite  in  direction  to  the  e.m.f.  pro- 
duced in  the  same  coil  by  the  transformer  action  of  the  field  flux, 
and  thus  to  reduce  automatically  the  value  of  that  e.m.f.  which 
tends  to  produce  sparking  at  the  brushes.  However,  this  action 
depends  upon  the  motion  of  the  amiature,  and  it  is  zero  when 
the  armature  is  stationary.  It  may  safely  be  stated  that  the  most 
satisfactory  method  in  use  at  present  for  minimizing  the  sparking 
in  single-phase  commutator  motors  intended  for  services  requir- 
ing frequent  starting  from  rest  is  the  use  of  resistance  inserted  in 
the  armature  leads  between  the  commutator  segments  and  the 
coils.  These  resistances  are  in  parallel  so  far  as  concerns  the 
main  circuit  current,  but  they  are  in  series  with  reference  to  the 
current  produced  locally  in  the  coil  under  the  brush.  When 
their  value  is  large  they  involve  a  considerable  loss  on  account  of 
the  main  circuit  current,  but  the  loss  due  to  the  local  current  is 
reduced  to  a  negligible  value.  When  the  resistance  is  small  the 
main  circuit  current  loss  in  the  leads  is  negligible,  but  the  local 
current  loss  is  enormous.  In  the  practical  application  of  this 
method,  the  leads  are  given  such  a  resistance  that  the  sum  of  the 
local  current  losses  and  the  main  current  losses  is  a  minimum, 
which  value  exists  when  these  two  losses  are  equal.  It  may  be 
well  to  note  in  passing  that  motors  equipped  with  the  resistance 
scheme  for  minimizing  the  sparking  have  been  in  extremely  severe 
railway  locomotive  service  for  many  months  without  showing  any 
signs  whatsoever  of  trouble  at  the  commutator. 

An  excellent  scheme  for  neutralizing  the  e.m.f.  in  the  coils 
short-circuited  by  the  brush  is  shown  in  Fig.  5  which  represents 
a  two-pole  model  of  a  single-phase  series  motor  equipped  with 
commutating  poles.  By  means  of  a  small  autotransformer  there 
is  impressed  upon  the  commutating  pole  coils  an  e.m.f.  in  time- 
phase  with  the  e.m.f.  across  the  armature  brushes.  Under  speed 
conditions  this  e.m.f.  is  in  time-phase  with  the  main  field  flux,  and 
hence  is  in  time-quadrature  with  the  electromotive  force  produced 
by  the  transformer  action  of  the  main  field  flux  in  the  coil,  short- 
circuited  by  the  brush ;  thus  the  flux  in  the  commutating  pole  is  in 
time-quadrature  to  the  main  field  flux.  It  will  be  seen,  therefore, 
that  the  speed-generated  e.m.f.  in  the  coil  under  the  brush  is  in 
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time-phase  (opposition)  with  the  e.m.f.  generated  in  the  same 
coil  by  the  transformer  action  of  the  main  field  flux.  By  making 
the  opposing  e.m.f.  equal  to  the  active  e.m.f.  in  the  same  coil 
the  resultant  e.m.f.  reduces  to  zero  and  the  main  cause  for  spark- 
ing is  thereby  eliminated. 

For  a  certain  value  of  main  field  flux  the  transformed  e.m.f. 
in  the  coil  under  the  brush  is  independent  of  the  speed,  while  the 
amount  of  flux  required  in  the  commutating  poles, — to  produce 
by  speed  action  an  e.m.f.  equal  and  opposite  to  this  e.m.f., — 
should  vary  inversely  with  the  speed.      Thus  the  electromotive 
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Magnetic  circuits  of  series  motor  with  shunt-connected  commutating-pole  windings. 

force  on  the  commutating-pole  coils  should  be  caused  to  var}-  di- 
rectly with  the  value  of  the  main  field  flux  "and  inversely  with  the 
speed  of  rotation.  This  condition  can  readil}'  be  obtained  manu- 
ally by  means  of  the  autotransformer. 

The  magnetic  circuits  of  a  single-phase  series  motor  equipped 
with  commutating  poles  for  improving  the  sparking  conditions 
are  well  shown  in  Fig.  5,  but  the  compensating  coil  for  improving 
the  power-factor  has  been  omitted  for  the  sake  of  clearness.  The 
electrical  circuits  of  this  motor  are  shown  more  completely  in  Fig. 
6.  As  intimated  above,  in  order  to  give  to  the  commutating  flux 
the  proper  value  at  each  speed  it  is  necessaiy  to  vary  the  voltage 
impressed  upon  the  commutating  coil  manually  with  the  change 
in  speed.  In  order  to  render  the  operation  of  the  commutating- 
pole  single-phase  series  motor  more  nearly  automatic,  the  scheme 
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shown  in  Fig-.  7  has  been  devised  by  Mr.  M.  A.  Latour.  Accord- 
ing- to  this  scheme  there  is  impressed  upon  the  commutating  coil 
the  resultant  of  two  e.m.f.'s,  one  of  which  varies  directly  with  the 
main  armature  current,  and  the  other  of  which  varies  inversely 
with  the  speed.  The  former  of  these  e.m.f.'s  is  obtained  by 
placing  a  resistance  in  series  with  the  armature  circuit,  and  con- 
necting the  inductive  commutating  field  circuit  in  parallel  with 
this  resistance ;  the  second  electromotive  force  is  obtained  from 
the  secondary  of  a  transformer  whose  primaiy  is  connected  be- 
tween the  two  brushes  on  the  armature.  Thus,  on  the  basis  of 
constant  field  current,  there  is  impressed  across  the  commutating 
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Electric  circuits  of  compensated  series  motor 
with  shunt- connected  commutating- pole 
windings. 
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matic split-phase  non-sparking  arrangement. 
(Latour). 


coil  an  electromotive  force  which  has  a  certain  definite  value  at 
zero  speed,  but  decreases  directly  with  increase  of  speed. 

The  relation  between  the  flux  required  for  perfect  neutraliza- 
tion and  the  flux  obtained  b^'  the  method  illustrated  in  Fig.  7  is 
shown  in  Fig.  8.  The  values  illustrated  in  this  figure  have  been 
based  on  an  assumed  constant  value  of  main  field  current ;  hence, 
the  relations  are  correct  as  far  as  the  relative  values  are  con- 
cerned, but  the  rate  of  change  of  each  of  the  various  values  with 
increase  of  speed  is  not  properly  shown,  because  a  single-phase 
series  motor  is  in  practice  operated  at  a  constant  e.m.f.  so  that  the 
actual  current  decreases  with  the  increase  of  speed.  It  will  be 
noted  that  for  perfect  neutralization  the  flux  in  the  commutating 
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pole  should  decrease  inversely  with  increase  of  speed ;  it  should 
reach  zero  value  at  infinite  speed  and  should  reach  infinite  value 
at  zero  speed,  thus  it  is  physically  impossible  to  obtain  perfect 


Fig.  8. 
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neutralization  at  zero  speed.  When  the  scheme  shown  in  Fig.  7 
is  used,  the  flux  obtained  at  the  commutating  pole  decreases  at 
constant  rate  with  increase  of  speed,  and  perfect  neutralization  is 
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obtained  at  two  values  of  speed.  Moreover,  the  flux  obtained 
closely  approximates  the  required  value  throughout  a  considerable 
range  of  speed. 

The  one  serious  objection  that  can  be  urged  against  the 
scheme  illustrated  in  Fig.  7,  in  addition  to  that  of  lack  of  neutrali- 
zation at  starting,  is  the  considerable  loss  in  the  series  resistance 
which  is  employed  for  giving  the  proper  phase  position  and  value 
to  the  larger  of  the  two  electromotive  forces  impressed  upon  the 
commutating  coil.  It  is  essential  for  this  resistance  to  have  an 
appreciable  value  in  order  to  perform  its  duties  properly.  Its 
use,  therefore,  involves  consideral)le  loss,  and  lowers  the  efficiency 
of  the  motor. 

Fig.  q. 
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In  Fig.  9  there  is  shown  a  method  for  obtaining  the  proper 
phase  position  of  the  e.m.f.  on  the  commutating  coil  in  order  to 
improve  the  commutating  conditions,  and  simultaneously  to 
improve  the  power-factor.  It  will  be  noted  that  the  resistance  is 
connected  in  series  with  the  commutating  coil,  the  resistance  and 
the  coil  being  then  joined  in  parallel  with  the  field  winding.  The 
current  which  passes  through  this  shunt  circuit  performs  two 
duties ;  it  provides  flux  for  the  commutating  pole,  and  has  a 
condenser  effect  upon  the  motor  circuits.  These  facts  can  be 
explained  more  readily  by  the  use  of  Fig.  10. 

In  Fig.  10,  OF  shows  the  constant  value  and  phase  position 
of  an  assumed  one  ampere  of  field  current.      OB  is  the  electro- 
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motive  force  impressed  across  the  main  field  coil;  this  e.m.f.  is 
also  impressed  across  the  circuit  composed  of  the  commutating 
coil  and  the  resistance  in  series.  The  electromotive  force  across 
the  commutating  coil  is  represented  by  the  line  BR,  while  the 
e.m.f.  across  the  resistance  is  shown  by  OR;  the  current  through 
this  circuit  is  shown  by  OC  being  in  time-phase  with  OR,  and  in 
time-quadrature  with  BR.  The  resultant  current  through  the 
armature  and  compensating  coil  is  01,  which  is  the  vector  sum 
of  OF  and  OC.  BD  shows  the  voltage  consumed  in  the  re- 
sistance of  the  armature  and  compensating-coil  circuits.  Under 
speed  conditions  there  is  generated  at  the  armature  an  electro- 
motive force  in  time-c{uadrature  with  OB;  such  an  electromotive 
force  is  shown  at  DE  for  a  certain  chosen  value  of  speed ;  at  this 
speed  the  total  impressed  electromotive  force  is  OE,  while  EOI 
is  the  angle  of  lag  of  the  current  behind  the  electromotive  force. 
When  the  speed  reaches  a  sufficiently  high  value,  the  electro- 
motive force  lags  behind  the  current,  or  the  current  is  ahead  of  the 
electromotive  force,  as  was  explained  in  connection  with  Figs. 
3  and  4. 

It  may  be  well  to  explain  in  detail  the  relative  magnitudes  of 
certain  cjuantities  represented  in  Fig.  10.  It  is  evident  at  once 
that  there  are  certain  practical  relations  between  the  main  field 
flux  and  the  flux  in  the  commutating  coil  which  must  be  taken  into 
consideration  in  adjusting  the  electrical  circuits.  A  study  of  the 
conditions  shows  that  if  perfect  commutation  is  to  be  obtained  at 
synchronous  speed,  the  flux  in  the  commutating  field  coil  should 
bear  to  the  flux  in  the  main  field  coil  the  ratio  of  the  arc  of  brush 
contact  to  the  whole  polar  arc.  This  ratio  has  a  certain  definite 
value  for  each  design  of  motor,  and  can  be  changed  only  by 
changing  the  proportions  of  the  machine.  If  perfect  commuta- 
tion is  to  be  obtained  at  a  dift'erent  speed,  then  the  ratio  varies, 
having  a  value  which  increases  directly  with  the  decrease  of  the 
chosen  speed.  Let  it  be  assumed  that,  at  the  speed  selected,  the 
commutating  flux  bears  to  the  main  field  flux  a  ratio  of  i  :  12; 
then  the  wattless  volt-amperes  to  produce  the  main  magnetic  field 
bear  to  the  wattless  volt-amperes  necessary  to  produce  the  com- 
mutating field  the  ratio  of  12  :  i.  The  significance  of  this  ratio  is 
that  in  Fig.  10  the  product  of  OC  by  BR  must  be  one-twelfth  of 
the  product  of  OF  by  OB.  Such  a  ratio  has  been  selected  for 
Fig.    10,  where  OC  is  equal  to  OF  ^-3,  and  BR  is  equal  to 
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OB  -^  4.  It  is  possible  to  increase  the  value  of  OC  provided  the 
value  of  BR  is  decreased,  but  the  product  of  these  two  is  a  con- 
stant and  cannot  be  changed.  It  is  seen,  therefore,  that  it  is 
impracticable  to  cause  the  current  OC  to  be  in  exact  time-quad- 
rature with  OF  on  account  of  the  large  amount  of  power  which 
would  be  dissipated  in  the  shunting  resistance  R  of  Fig.  9.  Ex- 
pressed in  other  words,  the  arrangement  shown  in  Fig.  9  does  not 
give  perfect  power-factor  conditions,  and  does  not  produce  perfect 
neutralization  conditions.  However,  to  the  extent  that  the  angle 
of  the  current  is  not  correct  for  giving  the  uiaxiuiuui  pozver- 
f  act  or  it  is  correct  for  increasing  the  torque,  and  to  the  extent  that 
the  field  flux  does  not  iientralice  the  transformer  e.m.f.  it  tends  to 
compensate  for  the  reactive  c.ni.f.  in  the  coil  under  commutation. 

There  are  two  disadvantages  in  the  scheme  shown  in  Fig.  9. 
In  the  first  place  a  certain  amount  of  power  is  dissipated  in  the 
resistance  in  the  commutating  coil  circuit,  the  amount  being  prac- 
tically as  great  as  that  involved  in  the  scheme  shown  in  Fig.  7. 
In  addition  thereto,  the  variation  of  the  flux  in  the  commutating 
pole  is  not  such  as  to  produce  perfect  neutralization  at  all  speeds ; 
in  this  respect  the  scheme  of  Fig.  9  is  much  better  than  that  of 
Fig.  6,  but  it  is  not  as  advantageous  as  that  show^n  in  Fig.  7.  On 
the  basis  of  constant  field  current,  evidently  the  flux  in  the  com- 
mutating- pole  would  have  a  constant  value.  As  indicated  in 
Fig-.  8,  under  such  conditions  perfect  neutralization  would  take 
place  at  only  one  speed,  and  the  range  of  speed  throughout  which 
an  approximate  neutralization  would  be  obtained  would  be  quite 
limited. 

A  method  which  can  be  employed  for  rendering  the  scheme 
shown  in  Fig.  9  equally  as  automatic  as  that  illustrated  in  Fig.  7 
is  illustrated  in  Fig.  11.  Upon  the  commutating  pole  there  is 
impressed  a  magnetomotive  force  which  varies  directly  with  the 
field  current,  and  an  opposing  magnetomotive  force  which  varies 
directly  with  the  speed.  The  commutating  pole  flux,  which  is 
produced  by  the  resultant  of  these  two  magnetomotive  forces,  has 
a  certain  definite  value  at  standstill,  and  decreases  at  a  constant 
rate  with  increase  of  speed. 

It  is  not  essential  to  employ  two  coils  on  the  commutating 
pole,  since  a  single  coil  may  be  caused  to  perform  the  duties  of 
both  coils,  as  shown  in  Fig.  12.  The  series  reactance  indicated 
in  Figs.  II  and  12  is  necessary  on  account  of  the  fact  that  if  it 
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were  omitted  the  flux  produced  by  the  coil  connected  to  the 
secondary  of  the  transformer  would  have  a  definite  value  for 
each  value  of  the  electromotive  force  produced  by  the  trans- 
former, quite  independent  of  all  other  conditions ;  the  current  in 
the  secondary  would  have  the  value  necessary  to  produce  this 
definite  amount  of  flux.     When  the  reactance  is  inserted  in  series, 
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each  value  of  the  secondaiy  electromotive  force  tends  to  produce 
a  certain  definite  amount  of  current  in  its  circuit,  so  that  the 
magnetomotive  force  impressed  upon  the  commutating  coil,  rather 
than  the  flux  produced  in  this  coil,  depends  upon  the  secondary 
voltage. 

In  comparing  Figs,  ii  and  12  with  Fig.  7  it  is  to  be  noted 
that  the  flux  in  the  commutating  coil  of  Fig.  7  is  produced  by  a 
single  magnetomotive  force  obtained  from  an  electromotive  force 
which  is  the  resultant  of  two  electromotive  forces ;  while  in  Figs. 
II  and  12  the  commutating  flux  is  produced  by  the  resultant  of 
two  separate  magnetomotive  forces,  each  magnetomotive  force 
being  produced  by  a  different  voltage. 

In  so  far  as  concerns  commutation  conditions,  the  result 
obtained  with  the  scheme  shown  in  Figs.  11  and  12  is  identical 
W'ith  that  indicated  in  Fig.  7.  but  the  former  scheme  has  the 
decided  advantage  of  improving  the  power-factor. 


(Stated  meeting,  held  Tliitrsday,  February  iS,  IQOQ.) 


GASOLINE  ELECTRIC  AUTOMOBILES. 

BY 

JUSTUS  B.  ENTZ. 

Electric  gasoline  automobiles  may  be  taken  to  cover  all  auto- 
mobiles in  which  the  prime  mover  or  source  of  power  is  a  gasoline 
engine,  and  with  which  electricity  is  used  as  a  supplementary 
power  or  as  a  means  of  control.  There  are  several  of  such  sys- 
tems. First,  there  is  the  combination  of  a  gasoline  engine 
driving  an  electric  generator,  which  in  turn  supplies  the  electric 
energy  to  an  electric  motor  or  motors  connected  to  the  driving 
wheels. 

An  electric  controller  similar  to  those  used  on  electric  auto- 
mobiles is  used  to  give  different  speed  and  torque  combinations, 
and  a  control  of  the  engine  speed  allows  of  a  variation  of  speed 
for  each  position  of  the  electric  controller.  This  system  calls  for 
the  total  conversion  of  the  power  of  the  engine  into  electricity 
and  its  reconversion  into  mechanical  power,  and  is,  therefore, 
heavv  and  inefficient.  This  system  has  also  had  a  storage  battery 
added  to  it,  to  help  out  the  engine  at  times  of  overload.  The 
battery  being  charged  from  the  engine  and  generator  at  times  of 
light  load.  This  adds  further  to  the  weight  and  lack  of  efficiency 
of  the  system. 

A  third  system  seeks  to  avoid  transforming  the  total  engine 
power  into  electricity,  and  so  has  the  engine  mechanically  con- 
nected to  the  driving  wheels  with  a  fixed  gear  ratio,  dispensing 
with  the  ordinary  mechanical  transmission  system  for  changing 
the  gear  ratio  between  engine  and  driving  wheels.  There  is  also 
connected  with  the  same  driving  shaft  as  the  engine  an  electric 
generator,  which  is  also  capable  of  acting  as  an  electric  motor. 
A  storage  battery  is  carried,  which,  at  times  of  hea\w  load,  dis- 
charges into  this  machine,  which  is  then  a  motor  and  assists  the 
engine  in  turning  the  driving  shaft  and  propelling  the  automobile. 
At  times  of  light  load,  when  the  engine  is  capable  of  a  greater 
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turning  effort  than  required  to  propel  the  automobile,  the  electric 
machine  becomes  an  electric  generator  and  recharges  the  battery. 
As  with  a  constant  field  strength  the  voltage  of  this  electric 
machine  is  proportional  to  its  speed,  it  becomes  automatically  a 
generator  when  the  engine  speeds  up,  due  to  light  load,  as  then  its 
voltage  becomes  higher  than  that  of  the  batter}-  and  current  flows 
from  it  into  the  battery  and  charges  it,  while  w'hen  the  engine 
slows  down,  due  to  overload,  the  voltage  of  this  machine  drops 
below  that  of  the  battery,  and  it  becomes  a  motor  receiving 
current  from  the  battery. 

The  operator  is  also  given  control  of  the  field  strength  of  this 
electric  machine,  so  that  he  can  determine,  through  a  slight  range, 
at  what  speed  the  machine  changes  from  a  generator  to  a  motor. 
In  order  not  to  exhaust  the  battery  by  an  excess  of  discharge  over 
charge  and  to  keep  the  proper  balance  between  the  two,  with  the 
average  power  requirements  of  the  vehicle  constantly  varying, 
means  are  provided  to  cut  down  the  engine  power  when  the 
voltage  of  the  battery,  wdien  charging,  becomes  too  high;  this  is 
done  by  means  of  an  electro-magnet  connected  across  the  ter- 
minals of  the  batten-  and  controlling  the  engine  throttle.  Tliere 
is  also  a  clutch  provided  for  disconnecting  the  engine  and  electric 
machine  from  the  driving  wheels,  so  that  the  battery  can  be 
charged  with  the  vehicle  standing  still,  and  so  that  the  engine 
may  be  started  up  from  the  battery  and  motor  without  starting 
the  car. 

The  objection  to  this  system  is  that,  in  order  to  avoid  carrying 
a  great  weight  of  battery,  the  electric  part  of  the  equipment  is 
capable  of  adding  much  turning  effort  to  the  driving  shaft  only 
at  very  low  speeds,  and  for  a  ver}^  short  length  of  time,  and  as  the 
engine  and  electric  motor  are  both  connected  to  the  same  driving 
shaft,  the  engine  has  got  to  come  dow-n  to  a  very  low  speed  before 
it  gets  any  assistance  from  the  battery  and  motor.  The  loss  in 
horse-power  of  the  engine  from  its  reduction  of  speed  being  much 
more  than  added  horse-power  from  the  motor  and  battery,  the 
only  thing  that  is  gained  is  that  the  engine  is  not  stalled  on  loads 
beyond  its  capacity  with  the  fixed  gear  ratio  provided.  If  the 
overload  continues  for  more  than  a  short  length  of  time,  the 
battery  is  exhausted.  The  rates  of  charge  and  discharge  of  the 
battery  are  ver}^  high,  and  it  is  therefore  short-lived. 

It  is  also  ver}'  difficult  to  keep  the  battery  from  becoming 
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exhausted   unless   it    is   almost   continually   overcharged,    which 
means  loss  of  efficiency  and  a  high  rate  of  depreciation. 

A  system  differing  from  all  of  these  has  been  in  use  for  the 
last  three  years  on  Columbia  Automobiles,  ])uilt  in  Hartford, 
Conn.,  and  is  known  as  the  "  Direct  Electric  Transmission  Sys- 
tem "  or  "  Entz  Electric  Transmission  System." 

SOURCE   OF  POWER. 

The  system  of  transmission  and  control  as  installed  on  this 
car  is  purely  an  electric  system,  the  gasoline  engine  being  the  sole 
source  of  power.  The  field  of  an  electric  generator  is  bolted  di- 
rectly to  the  45  horse-power  engine,  taking  the  place  of  the 
Qi'dinarv  fly-wheel.  The  other  end  of  the  field  is  carried  in  a 
large  ball  bearing. 

The  armature  of  this  revolving  field  generator  is  enclosed 
within  the  field,  and  its  shaft  is  extended  through  to  the  driving 
bevel  in  the  rear  axle  housing,  which  contains  the  bevel  gear 
drive  and  the  difl:erential,  these  being  the  only  gears  in  the 
machine. 

NO    LOSS    OF   driving   EFFORT. 

In  line  with  the  revolving  field  generator  and  behind  it  is  an 
electric  motor  wliose  armature  is  mounted  upon  the  same  driving 
shaft,  which  extends  from  the  armature  of  the  revolving  field 
generator  to  the  driving  pinion.  The  revolving  field  generator 
serves  the  purpose  of  a  clutch,  and,  by  maintenance  of  current 
in  its  field  and  armature  circuits,  transmits  the  full  driving  effort 
exerted  by  the  engine  directly  to  the  driving  pinion,  there  being 
no  loss  of  driving  effort,  as  any  friction  between  the  armature 
and  field  would  to  that  extent  transmit  a  part  of  the  driving 
effort  in  the  same  manner  that  a  friction  clutch  does.  It  is  neces- 
sary, however,  to  have  a  small  speed  difference  between  the  arma- 
ture and  field  in  order  to  establish  the  necessary  current  through 
the  low  resistance  of  the  generator  amiature  and  field,  which  is 
short-circuited  upon  itself.  This  causes  a  continuous  slip,  of  an 
amount  depending  upon  the  driving  effort  developed  by  the  en- 
g*ine.  This  slip,  however,  amounts  to  only  5  per  cent,  of  the 
engine  speed  when  the  engine  is  running  at  1000  revolutions  per 
minute  and  developing  its  maximrim  torque.  To  this  extent  this 
revolving  field  generator  acts  as  a  friction  clutch  capable  of  trans- 


6o  Justus  B.  Entz. 

mitting  continuously  and  uniformly,  without  wear,  the  full  driv- 
ing effort  of  the  engine.  Such  a  clutch,  however,  although 
infinitely  superior  in  its  method  of  control  to  an  ordinary  friction 
clutch,  would  not  provide  means  for  more  than  reducing  the  speed 
of  the  vehicle  in  relation  to  the  engine  speed,  and  would  not  in 
itself  provide  means  for  multiplying  the  driving  effort  delivered 
to  the  wheels  to  more  than  that  established  by  the  fixed  ratio 
between  engine  and  wheels.  A  multiplication  of  this  driving 
effort,  however,  is  secured  by  including  in  the  circuit  of  the 
revolving  field  generator,  the  motor,  which  is  mounted  upon  the 
same  driving  shaft.  The  current  which  it  is  necessary  to  establish 
in  the  field  and  armature  of  the  generator  to  transmit  the  engine 
torque,  can  still  be  established  with  the  motor  in  circuit,  and  it 
will  still  deliver  the  driving  effort  of  the  engine  to  the  driving 
shaft  without  loss ;  but  an  increased  slip  takes  place  which,  instead 
of  appearing  as  heat,  as  in  the  case  of  a  slipping  friction  clutch, 
appears  as  electrical  energy,  and  this  electrical  energy  is  utilized 
in  the  motor  to  give  the  desired  added  driving  effort  over  and 
above  that  of  the  engine  as  transmitted  by  the  revolving  field 
generator. 

CONTROL. 

All  changes  of  speed  are  made  by  a  small  controller  handle 
similar  to  that  of  an  electric  car,  which  has  five  speeds  ahead 
and  two  reverse  speeds,  and  provides  means  for  putting  the  two 
armature  windings,  which  the  m.otor  has,  in  different  series 
parallel  relation,  and  also  provides  means  for  shunting  both  the 
field  of  the  motor  and  the  generator  for  desired  speed  combina- 
tions. The  result  is  that  the  driving  effort  of  the  engine  can  be 
multiplied  very  greatly,  and  the  maximum  effort  capable  of  being 
developed  by  this  combination  can  be  made  available  continuously, 
even  with  the  car  at  a  standstill,  as  the  revolving  field  generator 
forms  a  clutch  which  may  be  slipped  continuously  and  uniformly, 
and  which  will  deliver  the  result  of  its  slippage  as  useful  power 
instead  of  heat. 

The  control  involves  absolutely  no  change  in  the  mechanical 
relation  between  the  engine  and  the  rear  axle,  and  in  going  from 
point  to  point  does  not  disconnect  the  driving  effort  of  the  engine 
from  the  driving  pinion.  Only  the  power  represented  by  the 
difference  of  speed  or  slip  between  the  field  and  armature  is 
transformed. 
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capacity  of  generator  and  motor. 

The  capacity  of  the  electrical  clutch  generator  and  motor  in 
this  system  is  about  four  times  greater  than  it  would  be  with  a 
g-enerator  and  motor  considered  simply  as  such ;  that  is,  they  will 
transmit  and  control  the  power  of  the  engine  with  one-quarter  of 
the  weight  and  far  greater  efficiency  than  would  be  the  case  if 
all  the  pov/er  of  the  engine  were  used  to  drive  a  generator,  which 
in  turn  delivered  it  to  the  motor  to  be  transformed  into  mechanical 
energy-. 

The  result  is  that  actually  less  than  lo  per  cent,  more  weight 
is  added  to  the  vehicle  than  would  be  called  for  if  it  were  equipped 
with  sliding  gear  transmission,  clutch,  and  fly-wheel.  The  effi- 
ciency of  transmission  is  verv  high,  being-  95  per  cent,  on  the  high 
speed,  and  from  85  per  cent,  to  92  per  cent,  on  the  lower  speeds. 

i 

REVERSING. 

Reversing  is  accomplished  without  the  use  of  gears  by  clutch- 
ing fast  the  armature  in  the  revolving  field  generator,  and  at  the 
same  time  disconnecting  it  from  the  driving  shaft  leading  to  the 
rear  axle.  In  this  way  the  revolving  field  generator  loses  its 
clutch  action  and  becomes  simply  a  generator,  stationar}' 
armature,  and  revolving  held.  The  motor,  whose  armature  is 
still  connected  with  the  driving  shaft,  receives  current  from  this 
generator  and  drives  the  car  either  forward  or  backward,  accord- 
ing to  the  relation  of  its  field  and  armature  connection.  Under 
these  conditions  the  system  is  simplv  a  motor  d}-namo  combina- 
tion, but  as  reversing  is  only  necessary  for  short  distances  at  low 
speeds,  this  is  amply  sufficient,  and  is  much  simpler  mechanically 
than  the  use  of  a  reversing  gear,  although  the  latter  may  be  used 
when  it  is  desired,  as  in  railway  service,  to  have  equal  capacity 
and  efficiency  for  running  in  either  direction. 

Figure  i  shows  a  plan  of  the  running  g-ear  of  this  automobile. 
The  machine  shown  next  to  the  engine  is  the  generator  clutch,  and 
the  other  is  the  motor.  Figure  2  shows  the  generator  with  its 
collector  rings  and  the  clutch  sliding  on  the  squared  end  of  the 
generator  armature  shaft,  which  is  used  for  reversing,  as  ex- 
plained. In  order  to  show  the  gain  in  efficiency  and  the  less 
weight  of  the  electrical  apparatus,  as  used  in  this  system,  as  com- 
pared with  one  in  which  all  the  power  of  the  engine  is  transformed 
into   electricitv   bv   means   of   the   engine   driving   an   electrical 
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generator  and  retransformed  into  mechanical  power  bv  means  of 
an  electric  motor.  I  have  in  F\g.  3  shown  the  conditions  in  the 
latter  case.  The  crank  shaft  is  shown  connected  to  the  field  of 
the  electric  generator,  whose  armature  is  stationary,  being  held 
from  turning  by  the  rod  attached  to  its  shaft.  This  is  not  the 
usual  practice,  as  generally  the  armature  is  revolved  and  the  field 
held  stationary,  but  it  makes  no  difference  in  the  capacitv  or 
efficiencv  of  the  generator,  and  it  is  so  shown,  for  the  purpose  of 
comparison  with  the  other  figures. 

Fig.    t 


I  have  assumed  that  the  engine  is  revolving  the  generator  field 
around  its  armature  at  500  revolutions  per  minute,  and  that  it  is 
developing  a  turning  eft'ort  of  100  pounds.  I  have  also  assumed 
that  the  generator  and  motor  each  have  an  efficiency  of  80  per 
cent.,  v.hich  is  about  the  efficiency  of  such  units  of  a  size  to  be 
used  in  automobile  work.  The  combined  efficiency  of  the  two. 
therefore,  is  64  per  cent.  I  have  assumed  that  the  generator  and 
motor  are  so  wound  that  the  motor  will  run  at  500  revolutions 
per  minute,  the  same  as  the  engine.  In  this  case  the  entire  loss 
in  the  efficiencv  must  be  in  the  torque  or  turning  effort  of  the 
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motor,  which  would  be  64  per  cent,  of  the  engine  torque  or  64 
pounds.  The  engine  develops  the  torque  of  100  pounds  and  has 
its  sole  resistance  to  motion  in  the  current  generated  in  the  gen- 
erator armature  and  whatever  friction  there  may  be  due  to 
pressure  of  the  brushes  on  the  armature  commutator.  The  arma- 
ture, therefore,  must  be  held  from  revolving,  by  a  resistance  to 
motion,  equal  to  100  pounds  torque  in  order  to  resist  the  whole 
turning  effort  of  the  engine. 

In  Fig.  4,  which  illustrates  the  new  system,  I  have  shown 
precisely  the  same  electrical  apparatus  as  used  in  Fig.  3.  In  this 
case  the  generator  armature,  instead  of  being  anchored  stationary, 

Fig.   2. 


has  its  armature  shaft  connected  with  the  armature  shaft  of  the 
motor.  If  the  motor  is  still  assumed  to  run  at  500  revolutions 
per  minute,  and  to  develop  the  same  turning  effort  as  before,  it 
must  receive  the  same  amount  of  electricity  from  the  generator. 
This  is  accomplished  by  revolving  the  generator  field  at  500  revo- 
lutions per  minute  faster  than  its  armature,  and  as  the  latter  is 
turning  at  500  revolutions  per  minute  it  will  be  necessary  to  turn 
the  generator  field  and  engine  at  1000  revolutions  per  minute. 
This  calls  for  double  the  output  from  the  engine,  but  the  full 
turning  effort  of  the  engine  of  100  pounds  torque  has  been  trans- 
mitted directly  to  the  driving  shaft  and  added  to  that  of  the 
motor,  so  that  we  have  on  the  driving  shaft  a  torque  of   164 


64 


Justus  B.  Entz. 


pounds  at  500  revolutions  per  minute,  or  an  output  two  and  a  half 
times  as  great  as  in  Fig.  3,  with  the  same  capacity  of  electrical 
apparatus,  and  an  efficiency  of  82  per  cent,  instead  of  64  per  cent. 
This,  however,  is  not  the  full  gain,  as  this  figure  represents  one 
of  the  lower  speed  positions,  which  is  used  only  a  short  part  of 


Fig.  3. 


Generator  and  motor,  each  80%  efficiency.     Engine  500  rev.,  100  torque;   motor  50°  rev.,  64 

torque;  efficiency  64%. 

Fig.  4. 
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Reduced  speed.  Engine  1000  rev.,  100  torque;  motor  500  rev..  164  torque;  Efficiency 
82%.  Exactly  same  electric  output  from  generator  to  motor.  Same  speed  differences,  but  25 
times  output,  same  weight,  for  same  machines  as  in  Fig.  3. 


Fig. 


E.\_    GilZAA. 


The  clutch  generator  short-circuited  on  itself.  High  speed  direct  drive.  Engine  1000  rev., 
100  torque;  shaft  950  rev.,  100  torque;  efficiency  95%.  No  current  through  motor.  No  exter- 
nal electric  work.     Output  three  times  that  of  Fig.  i. 


the  total  running  time.  The  highest  speed  position,  and  the  one 
that  is  mostly  used,  is  shown  in  Fig.  5,  in  which  the  generator 
armature  is  circuited  upon  itself.  In  this  case  the  generator  field 
is  turning  only  slightly  faster  than  the  armature,  which  it  drags 
around  after  it.  This  difference  of  speed  or  slip,  in  the  case  of  a 
generator  having  the  efficiency  assumed  in  the  other  cases,  would 
be  50  revolutions  per  minute  when  transmitting  the  full  torque 
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of  the  engine,  and,  as  there  is  no  loss  of  torque,  we  would  have, 
with  the  engine  running  at  1000  revolutions,  the  speed  of  950 
revolutions  and  100  pounds  torque. 

This  output  is  three  times  as  great  as  in  Fig.  3,  and  with  the 
motor  doing  no  work  at  all,  and  the  efficiency  is  95  per  cent, 
instead  of  64  per  cent.,  as  in  Fig.  3. 

BRAKES. 

In  connection  with  the  control,  an  electric  brake  is  provided, 
and  there  is  also  a  connection  between  one  of  the  foot  brakes  and 
a  small  short-circuiting  switch,  by  means  of  which  the  field  of 
the  generator  is  short-circuited  when  the  brake  is  applied.  This 
immediately  stops  generation  and  answers  exactly  the  same  pur- 
pose as  throwing  out  the  friction  clutch  on  an  ordinary  car  upon 
the  application  of  the  brake,  so  that,  to  bring  the  car  to  a  stand- 
still, it  is  only  necessary  to  put  on  the  brake. 

coasting. 

In  order  to  establish  any  current  in  the  circuit  of  the  gen- 
erator it  is  necessary  that  there  should  be  a  slight  slip  between  the 
field  and  the  armature;  in  other  words,  the  engine  should  run 
slightly  faster  than  the  driving  shaft  to  which  the  armature  is 
connected.  With  the  engine  slowed  down  by  a  partial  closing 
of  the  throttle,  there  is  no  clutching  action  and  the  car  may  coast 
ahead  of  the  engine  without  any  retarding  effort,  and  in  this  way 
the  combination  acts  exactly  similar  to  a  coaster  brake  on  a 
bicycle.  This  adds  very  greatly  to  the  ease  of  control  and  allows 
driving  and  coasting  in  perfect  silence,  entirely  free  of  any 
connection  with  the  intermittent  driving  or  braking  effort  of  the 
engine.  It  also  permits  regaining  speed  and  headway  much  more 
rapidly  than  would  be  possible  with  the  ordinary  gasoline  car, 
because  as  the  engine  is  speeded  up  again  by  opening  the  throttle, 
it  attains  a  speed  some  little  higher  than  the  speed  of  the  car 
before  it  starts  generating  and  picks  up  its  load.  Although  this 
interval  of  time  is  but  a  fraction  of  a  second,  the  speed  gained  in 
that  time  and  the  elastic  method  of  clutching  to  the  load,  coupled 
with  the  great  inertia  of  the  fly-wheel,  (which  is  of  about  three 
times  the  ordinary  weight,)  pemiit  a  very  high  rate  of  accelera- 
tion under  load. 
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even  propulsion. 
There  is  no  direct  mechanical  connection  between  the  engine 
and  the  driving  shaft,  and  as  the  clutching  medium  is  perfectly 
elastic,  there  is  absolutely  none  of  the  intermittent  driving  effort 
of  the  engine  transmitted  to  the  driving  shaft  and  wheels;  also 
that  it  is  impossible  for  the  engine  to  have  a  retarding  effort  upon 
the  driving  shaft.  There  can  be  absolutely  no  "  bucking  "  from 
the  loss  of  a  cylinder.  The  most  expert  factory  testers  find  it 
difficult  to  detect  the  cutting  out  of  a  cylinder  except  through 
the  diminution  of  available  power.  The  propelling  effort  is  ap- 
parently just  as  even  and  constant  with  three  out  of  four  cylinders 
running  as  with  all  four. 

RUNNING  BACKWARD. 

On  all  points  of  the  controller,  both  zero,  forward  and  reverse, 
the  circuit  of  the  electric  motor  is  closed  upon  itself.  The  result 
of  this  is  that,  being  a  series  motor,  it  has  no  tendency  to  generate 
when  armature  and  field  are  coupled  in  a  relation  for  the  desired 
direction  of  motion  of  the  car,  but  if  for  any  reason  the  driving 
effort  from  the  engine  should  be  lost,  as  by  stalling  on  a  grade, 
the  instant  the  car  commences  to  run  backward  the  motor  will 
generate  and  act  as  a  brake,  not  permitting  of  a  speed  of  more 
than  one  mile  an  hour  even  upon  a  very  steep  incline.  This,  in 
effect,  is  an  automatic  sprag,  or  ratchet,  which  must  come  into 
play  the  minute  the  car  gains  any  backward  speed  on  any  position 
of  the  controller. 

IGNITION. 

Ignition  is  by  jump  spark,  with  current  from  a  storage  bat- 
tery, in  combination  with  a  small  amount  of  current  diverted 
from  the  generator,  by  means  of  which  not  only  is  the  storage 
ba!ttery  always  maintained  charged,  but  the  heat  of  the  spark  is 
also  increased  automatically  with  the  load  on  the  engine. 

SPEED. 

The  speed  of  the  car  is  from  one-half  a  mile  to  fifty-five 
miles  an  hour,  and  its  ease  of  control  and  ability  to  adapt  itself 
to  varying  conditions  of  road  and  traffic  make  it  a  considerably 
faster  road  car  than  even  its  maximum  speed  would  indicate. 
Its  hill-climbing  powers  are  remarkable  owing  to  the  elimination 
of  practically  all  friction.  The  car  has  taken  on  the  highest 
speed  notch  every  hill  on  the  125  miles  of  road  between  Hartford 
and  New  York  City. 
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THE  GAYLEY  DRY  AIR  BLAST. 

[Report  of  the  Franklin  Institute,  through  its  Committee  on  Science 
and  the  Arts,  investigating  the  Dry  Air  Blast  for  Furnaces  invented  by 
James  Gayley  of  New  York.  Subcommittee:  G.  H.  Clamer,  Chairman; 
John  M.  Hartman,  James  Christie,  Anson  W.  Allen,  Alex.  E.  Outerbridge, 
Jr.,  Robert  Job.     No.  2412.] 

The  aim  of  the  modern  blast  furnace  is  to  maintain  a  uni- 
form and  highest-practicable  temperature  at  the  point  of  fusion 
in  the  crucible  of  the  furnace.  To  obtain  uniformity  of  product 
the  raw  material  introduced  must  be  reasonably  constant,  a 
condition  that  can  be  practically  maintained — in  all  respects  ex- 
cepting the  moisture  in  the  atmosphere,  which  is  constantly 
changing,  according  to  season  and  locality — also  as  influenced 
by  wind,  temperature,  and  other  weather  conditions.  As  the 
quantity  of  aqueous  vapor  in  the  atmosphere  has  been  found  to 
vary  from  .04  to  .16  per  cent,  of  weight,  and  as  its  presence 
exercises  an  important  influence  on  the  combustion  of  the  fuel 
in  the  furnace,  it  can  be  seen  that  this  element,  which  is  recog- 
nized as  one  of  the  chief  disturbing  influences  in  the  atmosphere, 
might  also  exercise  an  important  part  in  blast  furnace  economies. 
Any  moisture  introduced  by  the  air-blast  absorbs  some  of  the 
heat  directly,  but  indirectly  much  more  is  taken  when  this 
moisture  meets  the  incandescent  fuel,  when  it  is  broken  up  into 
its  constituent  gases,  at  the  expense  of  heat,  which  is  thus  with- 
drawn from  the  zone  of  fusion,  and  exercises  a  retarding  influ- 
ence, even  if  the  heat  of  final  combustion  is  utilized  elsewhere. 

The  beneficial  efifect  of  dry  air  appears  to  have  been  observed 
by  the  iron  smelters  at  an  early  period,  when  it  was  found  that 
their  product  was  better  in  the  winter  than  in  the  summer  season. 
This  at  first  was  attributed  to  atmospheric  temperature  alone, 
and  some  experiments  were  made  by  cooling  the  air.  It  was 
soon  found,  however,  that  the  inferior  product  of  the  furnace 
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was  due  to  moisture,  and  it  is  recorded  that  artificial  drying-  of 
the  air  was  made  the  subject  of  direct  and  successful  experiment 
at  some  of  the  furnaces  of  the  Clyde  region  in  Scotland,  before 
the  introduction  of  the  hot  blast  (Practical  Mechanics  &  En- 
gineers' Maga.zine,  Glasgow,  1842).  Neilson  apparently  realized 
this,  for  he  proposed  to  dry  the  air  by  passing  it  in  contact  with 
lime,  on  its  passage  to  the  furnace  (Smiles's  "  Life  of  Neilson  "). 
These  crude  and  imperfect  attempts  were  abandoned  after  the 
general  introduction  of  the  hot  blast,  which  to  some  extent 
counteracted  the  disturbing  influence  of  moisture,  and  during 
the  latter  half  of  the  past  century  the  subject  of  eliminating 
moisture    appears   to   have   been   practically   dropped. 

Mr.  James  Gayley,  a  few  years  ago,  studied  this  question 
carefully,  and  was  fortunate  enough  to  be  placed  in  such  a  posi- 
tion that  he  was  enabled  to  carry  on  the  necessarily  expensive 
experiment  of  producing  dry  air  blast  by  refrigeration. 

The  dry  air  blast,  which  is  the  subject  of  this  report,  is 
produced  in  this  manner,  process  and  improvements  thereon 
being  protected  by  the  following  United  States  patents : 

Number  527,844  dated  October   23,    1894. 


594,243 

'      November  23,  1897. 

652,178 

'      June   19,   1900. 

652,179 

'      June  19,  1900. 

715-366 

December  9,  1902. 

746,814 

"      December    15,    1903. 

756,110 

March  28,    1904. 

771,058 

September  27,.   1904. 

779,037 

January  3,   1905. 

The  standard  refrigerating  machinery  which  is  on  the  mar- 
ket has  been  used,  but  of  course  modified  to  some  extent  to  meet 
the  requirements  of  this  particular  service.  It  is  calculated  that 
11,900  lbs.  of  air  are  consumed  per  ton  of  iron  reduced.  This 
air  may  vary  in  its  moisture  content  from  20  to  100  per  cent., 
such  variations  being  very  often  quite  decided,  even  within  the 
short  space  of  a  few  hours,  the  moisture  contained  during  the 
hot  summer  months  of  course  being  on  an  average  ver}^  much 
higher  than  during  the  winter  months.  The  variation,  however, 
from  day  to  day  during  the  winter  months  is  greater  than  during- 
the  summer  months.  In  the  Pittsburg  district,  where  Mr.  Gay- 
ley's  first  experiments  were  tried,   an  examination  of  the   U. 
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S.  Weather  Bureau  Reports  shows  an  average  monthly  tem- 
perature of  31  7-10  (coldest  month,  /.  e.,  February)  and  76  2-10 
(warmest  month,  i.  e.,  July).  The  average  moisture  content 
expressed  in  grains  of  water  per  cubic  foot  of  air  is  for  Feb- 
ruary 2.70  and  June  7.30.  From  a  calculation  of  the  moisture 
content  of  the  atmosphere  it  has  been  figured  that  the  quantity 
of  water  entering  per  hour  into  a  furnace  using  40,000  cubic 
feet  of  air  per  minute  will  vary  from  73  2-10  gallons  in  Feb- 
ruary to  2376-10  gallons  in  June.  These  records,  however, 
are  taken  on  top  of  a  high  building,  as  all  such  records  of  the 
U.  S.  Weather  Bureau  are,  and  therefore  do  not  really  repre- 
sent the  maximum  moisture  content  which  would  exist  in  the 
air  at  the  steel  works,  where  the  same  would  l)e  considerably 
higher.  In  the  past,  great  attention  has  been  paid  to  bringing 
the  furnace  operations  on  as  uniform  a  basis  as  possible.  The 
charges  of  coke,  fluxing  material,  ore,  and  quality  of  same,  are 
all  based  on  careful  chemical  analyses  and  scientific  calculations. 
Important  improvements  have  been  made  in  all  the  various  blast 
furnace  accessories,  and  a  great  deal  of  attention  has  been  paid 
to  size  and  shape  of  the  furnace  and  in  the  construction  of  more 
efficient  blowing  engines,  etc.,  but  that  element,  i.  e.,  the  air 
blast,  which  varies  more  widely  than  any  of  the  other  factors 
entering  into  the  operation  of  the  blast  furnace,  until  the  matter 
was  taken  in  hand  by  Mr.  Gayley,  had  received  insufficient  con- 
sideration. It  had  of  course  been  figured  how  many  calories 
of  heat  were  necessary  to  take  care  of  the  amount  of  moisture 
which  was  introduced  into  the  furnace,  but  little  thought  was 
given  toward  the  subject  of  diTing  the  air.  The  application  of 
Gayley's  dry  air  blast  has  been  in  successful  operation  for 
some  time  past,  and  it  has  now  entirely  passed  the  experimental 
stage,  and  has  proved  itself  to  be  one  of  the  most  important 
advances  which  have  been  made  in  the  manufacture  of  pig  iron. 
The  advantages  claimed  for  the  Axy  air  blast,  all  of  which  have 
been  sustained,  are  as  follows : 

First. — Dry  blast,  when  put  on  a  furnace  in  operation,  will 
cause  approximate  reductions  of  15  per  cent,  in  the  coke  con- 
sumption, and  an  increase  of  10  per  cent,  in  the  iron  production. 

Second. — Dry  blast,  when  supplied  to  a  furnace  at  the  begin- 
ning of  a  blast,  will  keep  the  same  in  more  regular  uniform  opera- 
tion throughout  its  whole  life,  and  will  hold  the  zone  of  fusion 
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more  steadily  near  the  tuyeres,  thus  causing  more  efficient  re- 
duction and  melting  and  greater  economy  in  fuel.  The  fuel 
consumption  for  a  whole  blast  should  remain  at  about  the  same 
figure  with  the  use  of  dry  blast. 

Third. — The  life  of  the  lining  will,  under  ordinary  conditions 
of  operation,  be  increased  up  to  30  per  cent,  by  the  use  of  dry 
blast. 

FourtJi. — The  use  of  dry  blast,  coupled  with  clean  gas,  will 
enable  the  use  of  higher  heats  of  the  blast,  thus  causing  an  extra 
coke  economy.  As  the  dry  blast  prevents  fluctuations  up  or 
down  in  the  melting  zone,  it  will  be  possible  to  use  higher  heats 
than  at  present,  or  up  to  1500  degrees,  and  probably  higher  with 
our  Mesaba  ore  mixtures,  and  yet  prevent  sticking  in  the  furnace 
through  high  heats  of  blast.  The  reduction  in  revolutions  will 
in  itself  cause  a  higher  temperature  of  blast  from  the  stoves 
as  the  air  passes  more  slowly  through  them. 

Fifth. — The  use  of  dry  blast  effects  a  saving  in  the  limestone 
consumption  of  from  5  per  cent,  to  10  per  cent.,  according  to 
the  ash  contents  in  the  coke  used.  This  is  due  to  the  lowering 
of  the  amount  of  coke  used  and  the  fact  that  a  more  silicious 
slag  can  be  carried,  as  the  heat,  being  concentrated  near  the 
tuyeres,  is  more  intense,  and  consequently  will  enable  the  more 
highly-heated  slag  to  carr\'  off  sulphur  more  readily. 

Sixth. — The  use  of  dr}^  blast  causes  a  very  marked  regularity 
in  the  silicon  and  sulphur  contents  of  the  pig  iron,  which  is 
especially  important  on  basic  iron  for  the  open  hearth. 

Seventh. — The  increased  production  caused  by  dr}^  blast 
aff'ects  the  cost  above  material  and  the  profits  to  the  corporation 
proportionately. 

Eighth. — The  use  of  dry  blast  reduces  the  flue  dust  made  by 
about  50  per  cent.,  owing  to  the  concentration  of  the  heat  at  the 
tuyeres  zone,  which  causes  more  regular  operation,  thus  pre- 
venting slipping.  The  temperature  of  the  top  gases  is  also 
lowered  by  the  concentration  of  the  heat  at  the  tuyeres  zone,  and 
hence  leaves  the  furnace  with  less  velocity,  thus  carrying  along 
less  fine  material. 

Ninth. — The  use  of  dry  blast  requires  15  per  cent,  less  air 
blown  by  blowing  engines,  thus  making  a  considerable  saving  in 
the  wear  and  tear,  and  hence  in  the  life  of  the  engines,  as  well 
as  causing  a  material  saving  in  horse-power. 
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H.  p. 

At  Isabella  furnace  the  engines  required  on  normal  air 2,700 

The  engines  required  on  dry  air 2,100 

Making  a  saving  through  use  of  dry  blast  of 600 

The  dry  blast  plant  required 331 

Making  a  net  saving  through  use  of  dry  blast 269 

This  saving,  based  on  the  cost  of  gas  firing  at  Isabella  with  $1.45 
coal,  has  been  calculated  to  amount  to  nine  cents  per  ton  of  pig 
iron. 

Tenth. — The  use  of  dry  air,  causing  more  perfect  work  in 
the  chemical  reactions  in  the  furnace,  may  have  a  tendency  to 
reduce  the  amount  of  CO  in  the  gas,  so  that  the  latter  may  not 
be  as  efficient  from  the  standpoint  of  heat  and  power  purposes. 
On  the  other  hand,  it  is  much  cleaner,  more  uniform,  and  will 
require  less  work  in  handling  of  dust  than  with  normal  air.  Its 
uniformity  will  probably  counterbalance  any  lower  heat  value. 

The  average  analysis  of  dry  air  gas  at  Isabella  to  date 
shows : 

CO  23     per  cent. 

CO2 14.1  per  cent. 

The  averag^e  analysis  of  natural  air  gas  at  Isabella  for  the 
same  period : 

CO    24.7  per  cent. 

CO2 12.6  per  cent. 

Eleventh. — Through  the  uniformity  in  operations  produced 
by  dry  air  an  increase  of  fifty  to  seventy  per  cent,  in  the  standard 
grade  of  iron  is  obtained. 

Twelfth. — With  dry  blast  the  silicon  can  be  materially  re- 
duced without  increasing  the  sulphur.  Iron  running  as  low 
as  .10  silicon  has  frequently  been  made  with  a  sulphur  content 
of  .04  per  cent. 

It  is  not  deemed  necessary  to  go  into  minute  details  of  the 
application  of  Mr.  Gayley's  dry  air  blast  in  this  report,  but  there 
is  attached  hereto  a  report  on  its  operation  on  the  Isabella  fur- 
nace in  1907  at  E.  &  G.  Brooke  Iron  Co.,  Birdsboro,  Pa.,  together 
with  its  effect  on  the  silicon  and  sulphur  content  of  the  iron 
produced,  also  a  report  on  its  application  at  the  Cardiff  works 
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of  Wales,  and  a  still  later  report,  which  appeared  in  the  Iron  Age 
under  date  of  January  2,  1908,  of  its  operation  at  the  Warwick 
Iron  and  Steel  Company's  furnace  at  Pottstown,  Pa. 

It  should  be  noted  that  the  greatest  economy  experienced 
in  the  application  of  the  dry  air  blast  has  been  by  reason 
of  the  uniformity  of  the  operation  of  the  furnace  rather  than 
from  the  direct  saving  which  is  occasioned  by  the  elimination 
of  the  moisture  content — this  for  the  reason  more  particularly 
that  the  furnace  charges  can  be  calculated  nearer  to  the  theo- 
retical requirements,  it  not  being  necessary  to  provide  a  large 
factor  of  safety,  as  is  essential  where  the  dry  air  blast  is  not  used. 

Because  of  the  originality  of  this  invention  and  the  impor- 
tance of  the  results  accomplished,  the  Committee  recommends 
the  Institute's  highest  award,  /.  c,  the  Elliott  Cresson  Medal  to 
James  Gayley  of  New  York. 

RESULTS  OF  DRV  AIR  BLAST  -\T  E.   &  G.  BROOKE  IRON   CO.,  BIRDSBORO. 

Average  Average  Average  Average 

daily  pro-  coke  con-  yield  of  ore  burden 

NATURAL  AIR:  duct  tons,    sumption  pounds,    ore — %.        carried  to  coke. 

Year        1906 146  2455  53.0  \.']2 

January  1906 131  2443  56.64  1.62 

DRy-AIR: 

January  igo8 162  2162  53.56  1.93 

Comparison  of  January  1906  and  1908  shows : 

Increase    23.6  19.1% 

Decrease    ii-5%  3.08%  

SAVINGS    BY    DRY    AIR   BLAST. 

Saving  in  Limestone  through  less  coke  used $0.05 

Saving  of  Iron  in  Flue  dust 04 

Through   increased   regularity   of   rnetal 05  ''^ 

Duration  of  lining  can  be  increased  30  per  cent 06 

Counting   10  per   cent,   increased   production    will    reduce   cost 

above  material   10 

$0.30  per  ton. 

Saving  in  Coke — 15  per  cent •  f 

Value  of  10  per  cent,  increase  in  output t 

Total $ 

* — In  iron  used  for  steel  making. 
t — Depending  on  market  conditions. 
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ISABELLA  FURNACES— 1907 
.    Dry  Blast  marked  with  "x" 


Month. 


January  . . . . 
February  . . . 

March 

April 

May 

June 

July  

August 

September  .  . 
October  .  .  .  . 
November  .  . 
December   .  . 

Averages 


Coke  per  ton  iron. 


No.  I  fee.      No.  2  fee.     No.  3  fee 


2132* 
2163* 

2  206« 

2073* 
2029X 

222IX' 

23S7 

2472 

2474 

2499 

2403 


2136*   2445 


2408 
2500 
2336 
2281 
2372 
2407 
2512 
2625 
2475 
2413 
2438 


2428 


2328 
23  s.? 
2324 


2490 

2139^ 

2046.r 

2 153* 

2156^; 

2367* 


Average  daily  product. 


No.  I  fee.     No.  2  fee.      No,  3  fee 


413* 
466X 
465*: 
446* 

459* 

397« 

337 

343 

335 

330 

30s 


2368  2i68;c    441*    33c 


369 
331 
378 
397 
351 
35° 
316 
329 
343 
340 
355 


369 
345 
39°t 

.■."it 

313 

374a: 

416* 

388^ 

392* 

369a;* 


372     388X 


t  Lost  4  days — Flood. 

*  Last  figure  in  column  at  extreme  right  "369a:"  Fdy.  Iron. 

SUMMARY 

\T„    ,    TT  .r„^^^/ Natural  Air    Product  330  Coke  2445 

No.   I    Furnace|yj.y  ^ij.  Product  441  Coke  2136 

No.  2   Furnace    Natural  Air    Product  351  Coke  2428 

M  T?  _     „    /Natural  Air     Product  372  Coke  2368 

No.  3    furnace  I  j3j.y  j^-^.  Product  388  Coke  2168     i  Mo.  Fdy.  Iron. 


WORK    OF    DRY    AIR    BLAST — CARDIFF    WORKS,    WALES. 

Weekly 
product. 
Average    of    50    weeks    before    dry    air    was    used, 

(First  50  weeks  of  blast) 2001  tons 

Dry  Blast  running  for  Increased  Output : — 

February  ist   2503     " 

8th  2523     " 

15th  2503     " 

22nd    2649 

Dry  Blast  Running  for  Fuel  Economy : — 

March  28th 2397     " 

Advantage  of  Dry  Air  for  Increased  Product — Increase  in  Output. 

Decrease  in  Coke.  . 
"         "       "      "      "    Fuel  Economy—        Increase  in  Output. 

Decrease  in  Coke.  . 


Coke  used 
per  ton  of 
iron. 


2279  lbs. 


1975 
1972 
I92I 
1979 


1859 


.27.1% 

.13-8% 
.19.7% 
.  18.4% 


Period    from    February    22-March   21 — furnace   was   operated    for   high 
silicon  iron. 
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BASIC  IRON   MADE  WITH  DRY  AIR  BLAST  E.   &  G.  BROOKE  IRON   CO. 

Dry  air  blast  Natural  air 

1907—8  1906-7 
Date                                                                                             silicon-sulphur           sulphur 

December  27th    65  .016  .037 

.75  -021  .030 

.70  .019  .026 

.35  -036  .027 

.36  .060  .025 

.30  .046  .029 

December  28th    45  .033  .030 

.55  030  .040 

.65  .027  .036 

.50  .018  .037 

.50  .016  .042 

.45  -034  -026 

December    29lh    35  .022  .035 

.50  .024  .032 

.65  .021  .032 

.55  -023  .028 

.60  .021  .030 

•35  023  .053 

December  30th    50  .021  .050 

.80  .019  .048 

•55  ^027  .055 

.60  .021  .052 

.50  .015  .037 

.55  .024  .061 

December  31st    50  .019  .050 

.45  .021  .058 

•50  .023  .053 

.60  .021  .037 

.50  .027  .025 

•50  .013  .035 

January   ist    40  .024  .042 

•35  -0x8  .029 

•35  ^034  ^046 

.65  .017  .020 

.80  .019  .030 

—  —  ^025 

January   2nd    70  .026  .033 

•45  -033  ^024 

.50  .028  .021 

•55  ^024  .027 

.75  .018  .025 

.50  .013  .020 

January  3rd    40  .019  .022 

.25  .044  .022 

.30  .028  .029 

•45  -027  .032 

.50  .029  .026 

•35  ^030  .027 

General  Average    51  .024  .035 

Attest:  James  Christie, 

Secretary. 

Philadelphia,  November  4,   1908. 


/TT^  ^^ 


Zy^^'i^-^  ^' 


PERSIFOR  FRAZER,  A.B.,  A.M., 

Docteur  es-Sciences  Naturelies. 
1 844- 1 909. 

With  the  passing  of  Dr.  Frazer,  the  Institute  loses  the  guid- 
ance of  one  of  those  members  whose  intellectual  attainments  and 
professional  achievements  have  earned  for  it  the  recognition  and 
respect  of  the  scientific  world.  Although  deeply  engaged  in  pro- 
fessional pursuits  and  in  scientific  investigations  resulting  in  the 
production  of  a  veritable  library  of  monographs  and  papers, 
he  found  the  time  and  energy  to  devote  himself  during  many 
years  to  the  promotion  of  the  Institute's  welfare. 

His  interest  in  the  Institute  may  be  said  to  have  come  as  a 
heritage  (some  of  the  present-day  members  can  recall  the  bril- 
liant lectures  on  Chemistry  delivered  bv  his  distinguished  father, 
John  Fries  Frazer).  That  interest  never  flagged  throughout  the 
long  period  of  his  activities.  His  historical  sketch  and  plea  for 
a  better  appreciation  of  the  Institute's  aims,  entitled  "  The 
Franklin  Institute :  Its  Services  and  Deserts,"  delivered  in  Feb- 
ruary, 1908,  may  be  mentioned  in  testimony  of  his  thoughtful 
solicitude  for  the  Institute's  progress.  Again,  about  his  very 
last  act  was  the  editing  of  a  report  for  the  Journal  of  a  compre- 
hensive lecture  on  the  Bertillon  System  of  Identification,  deliv- 
ered some  months  previously  before  the  Institute,  interrupted  by 
his  last  illness. 

It  is  not  merely  as  a  valued  contributor  in  technical  and 
literary  work  that  his  loss  will  be  keenly  felt.  As  a  member  of  the 
Board  of  Managers  he  always  took  an  active  part  and  rendered 
valuable  service  in  the  deliberations  of  that  body. 

Many  men  point  with  just  pride  to  having  achieved  distinc- 
tion by  their  own  unaided  and  unguided  efforts.  Dr.  Frazer 
was  the  very  antithesis  of  the  self-made  man.  Behind  his  dis- 
tinctions lie  a  long  line  of  distinguished  antecedents,  a  scholarly 
atmosphere  and  unexcelled  opportunity  to  secure  a  training,  the 
result  of  which  constitutes  a  monument  to  his  memory. 

Persifor  Frazer,  geologist  and  chemist,  was  the  fifth  genera- 
tion of  the  male  line  of  his  name  in  the  United  States,  and  was 
born  in  Philadelphia,  July  24,  1844.     He  was  educated  in  Phila- 
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delphia  at  St.  Luke's  Parish  School  by  Miss  Lucy  Learned,  at 
the  classical  school  of  Samuel  Arthur  and  at  the  classical  school 
of  Rev.  John  W.  Faires.  On  July  3,  1862,  he  was  graduated 
at  the  University  of  Pennsylvania  with  the  degree  of  A.B.,  and 
received  the  degree  of  A.M.  three  years  later. 

The  day  after  graduation  he  received  a  commission  as  Aid  in 
the  U.  S.  Coast  Survey,  and  after  a  preliminary  training  of  three 
months,  served  with  distinction  in  the  United  States  Navy,  then 
in  the  army  and  again  in  the  navy  from  which  he  received  at  the 
conclusion  of  the  war  an  honorable  discharge  with  the  thanks  of 
the  Navy  Department. 

At  the  close  of  the  Civil  War  he  spent  six  months  in  the  lab- 
oratory of  Booth  and  Garrett  studying  practical  chemistry  and  in 
May,  1866,  entered  the  Royal  Saxon  School  of  Mines  at  Frei- 
berg, Germany.  He  passed  the  State  examination  in  mineralogy 
in  the  German  language  with  as  high  a  standing  as  was  ever 
granted  a  foreigner  by  that  institution.  Returning  in  1869, 
he  joined  Hayden's  national  geological  survey  party  and  wrote 
the  report  on  mineralogy  and  metallurgy  of  Colorado  and  New 
Mexico  in  that  year. 

In  1870  he  was  elected  by  the  Trustees  of  the  University  of 
Pennsylvania  instructor  in  natural  philosophy  and  chemistry,  and 
the  following  year  promoted  to  an  assistant  professorship,  both 
appointments  under  his  father.  L^pon  the  sudden  death  of  the 
latter,  October  12,  1872,  he  assumed  entire  charge  of  the  depart- 
ment, and  a  year  later  the  chair  being  divided  into  the  two  pro- 
fessorships of  physics  and  chemistry,  he  was  elected  professor  of 
chemistry.  In  1874,  having  succeeded,  with  others,  in  inducing 
the  Pennsylvania  Legislature  to  institute  the  second  geological 
survey  of  the  State,  under  Professor  Lesley,  he  resigned  his  pro- 
fessorship and  took  charge  of  the  survey  in  York,  Adams,  Lan- 
caster and  Chester  counties,  contributing  four  volumes  and  one 
monograph  to  the  State  reports.  During  the  year  1881  he  was 
General  Manager  of  the  iron  ore  mines  of  the  Central  Virginia 
Iron  Company  on  the  Middle  James  River. 

In  connection  with  his  researches  in  the  methods  of  determin- 
ing authorship  and  detecting  forgeries  in  handwriting,  he  in- 
vented the  colorimeter  (for  which,  in  1896,  the  City  of  Philadel- 
phia, on  the  recommendation  of  the  Franklin  Institute,  awarded 
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him  the  John  Scott  medal  and  premium)  and  discovered  the 
microscopic  tremors  peciiHar  to  the  handwriting  of  every  in- 
dividual, besides  other  methods  of  identification. 

It  was  in  this  line  of  endeavor  that  he  was  best  known  in  his 
later  years,  being  frequently  called  upon  in  trials  before  the  courts 
of  important  cases  where  the  authenticity  of  signatures  was  at 
stake,  or  when  forger}-  was  charged.  On  these  occasions  his 
tenacious  adherence  to  his  principles  and  convictions,  his  confi- 
dence in  his  mental  sincerity  and  resource  and  disregard  of  pre- 
vailing beliefs,  made  him  a  figure  of  interest  to  the  public. 

While  in  Paris  in  1 881-1882  he  wrote  a  French  thesis  and 
sustained  a  public  examination  before  the  French  Government 
commission  for  the  degree  of  Docteur  es-Sciences  Naturelles, 
which  award  was  the  196th  in  all,  and  the  first  to  one  not  a  native 
of  France,  since  the  establishment  of  the  degree  in  181 1. 

In  1885  he  was  appointed  by  the  American  Association  for 
the  Advancement  of  Science  its  representative  at  the  inauguration 
of  the  Royal  Society  of  Canada  and  elected  Secretary  of  the 
American  Committee  of  the  International  Geological  Congress. 
In  1888  he  was  elected  Vice  President  of  the  American  Commit- 
tee representing  the  United  States  at  the  London  Congress.  The 
honor  of  unanimous  election  to  this  high  office  was  subsequently 
awarded  to  him  at  the  International  Geological  Congress  of  St. 
Petersburg  (1897).  He  was  named  by  the  Committee  of  organ- 
ization at  that  of  Paris  (1900)  but  was  unable  to  attend. 

He  was  elected  Corresponding  Member  of  the  New  York 
Academy  of  Science  in  1885,  Correspondent  of  the  K.  K.  Geo- 
logische  Reichsanstalt  in  Vienna  in  1886,  and  correspondent  of 
the  "  Antonio  Alzate  "  Scientific  Society  in  Mexico  in  1891.  In 
1890  he  Avas  decorated  by  the  French  Government  with  the  golden 
palms  of  the  Academy  and  invested  with  the  title  of  Officer  de 
rinstruction  Publique.  In  1897  ^^  '^'^'^s  unanimously  elected 
Honorary'  Member  of  the  Societe  Geologique  de  Belgique. 

The  Franklin  Institute  chose  him  Professor  of  Chemistry 
and  one  of  its  Jourxal  editors  in  1882,  which  position  he  re- 
signed in  1894,  resuming  his  editorial  duties  in  1903.  During 
this  period  he  contributed  many  valuable  papers  to  the  Journal 
and  to  the  lecture  course  on  subjects,  in  variety,  in  keeping  with 
his  high  attainments  and  versatility.     In   1889  he  was  elected 
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Professor  of  Horticultural  Chemistry  by  the  Horticultural 
Society  of  Pennsylvania. 

He  was  one  of  the  founders  and  editors  of  the  American 
Geologist  and  active  in  many  societies,  namely:  Life  Fellow  in 
the  American  Association  for  Advancement  of  Science  and  in  the 
Geological  Society  of  xAmerica  (of  which  latter  he  was  one  of  the 
founders):  Life  Member  in  the  following:  American  Philo- 
sophical Society  (Secretary  1896- 1898  inclusive),  Academy  of 
Natural  Sciences,  Pennsylvania  Historical  Society,  American  In- 
stitute of  Mining  Engineers  (Vice  President  1880-1881),  Penn- 
sylvania Horticultural  Society,  Franklin  Institute.  Sociedad  Cien- 
tifica  "Antonio  Alzate  "  (Mexico),  British  Association  for  the 
Advancement  of  Science,  Societe  Geographique  de  Nord 
(France),  K.K.  Geologische  Reichsanstalt  (Austria),  Societe 
Geologique  de  Belgique  (Belgium),  Military  Order  of  the  Loyal 
Legion,  Naval  Veteran  Association,  Cincinnati  Society  in  New 
Jersey  (hereditary  member),  Pennsylvania  Society.  Sons  of  the 
P.evolution  and  the  University  Club  of  Philadelphia.  He  was  a 
member  of  the  Society  of  the  War  of  1812 ;  Society  of  Colonial 
Wars  in  the  Commonwealth  of  Pennsylvania  and  the  Society  of 
American  Authors. 

Since  the  conclusion  of  the  Second  Geological  Survey  of 
Pennsylvania  he  has  practiced  as  reporting  geologist,  chemist  and 
mining  engineer.  He  made  many  reports  on  the  gold,  silver,  cop- 
per, iron,  mica,  coal,  and  water  in  exclusive  tracts  and  private 
properties,  and  pursued  geological  investigations  in  most  of  the 
States  of  the  American  Union  and  Europe. 

Among  his  many  publications  may  be  mentioned  "  Tables 
for  the  Determination  of  Minerals ;  "  "  Classification  of  Coal," 
four  volumes,  issued  by  the  Geological  Survey  of  Pennsylvania; 
Matriculate  Catalogue  of  the  College,  University  of  Pennsyl- 
vania, from  1749  to  1893;  "  Bibhotics,"  or  the  study  of  docu- 
ments, according  to  Bertillon,  "  the  only  scientific  treatise  on 
handwriting  ever  published."  His  various  contributions  and 
papers  published  by  scientific  societies  number  300. 

In  1907  he  was  elected  Vice  President  of  the  Council  of  the 
American  Institute  of  Mining  Engineers  and  Vice  President  of 
the  Society  of  the  \\'ar  of  18 12  in  the  Commonwealth  of 
Pennsvlvania. 
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In  private  life  his  accomplishments  were  as  varied  as  his  pro- 
fessional attainment,  and  there  was  scarcely  any  subject  in  affairs 
of  taste,  diversion  or  literature  that  he  could  not  treat  in  a  manner 
both  instructive  and  entertaining.  Positive  and  punctilious  to  a 
degree,  if  he  occasionally  aroused  antagonism,  his  ever-present 
spirit  of  justice  and  inflexible  adherence  to  truth  and  precision 
commanded  uniform  admiration  and  respect. 

Alfred  C.  Harrison,  Chairman,    ] 


James  Christie, 
Lawrence  T.  Paul, 


Committee. 


THE  EFFECT  OF  BOXING  OR  BLEEDING  SOUTHERN  PINES. 

"Bleeding"  pine  trees  for  their  resin,  to  which  chiefly  longleaf  (Pinus 
palustris)  and  Cuban  pine  (Pinus  heterophylla)  are  subjected,  has  generally 
been  regarded  as  injurious  to  the  timber.  It  has  been  claimed  that  both 
durability  and  strength  of  timber  are  impaired  by  this  process,  and  in  the 
specifications  of  many  architects  and  large  consumers,  such  as  railway 
companies,  "  bled  "  timber  is  excluded. 

The  utilization  of  resin  is  one  of  the  leading  industries  of  the  South, 
and  since  the  process  affects  several  millions  of  dollars  worth  of  timber 
every  year,  special  investigations,  involving  mechanical  tests  and  the  physical 
and  chemical  analyses  of  the  wood  of  bled  and  unbled  trees  from  the  same 
locality,  have  been  carried  on  by  the  United  States  government  through  the 
Forest  Service. 

Results  prove  conclusively  (i)  that  bled  timber  is  as  strong  as  unbled, 
if  of  the  same  weight;  (2)  that  the  weight  and  shrinkage  of  the  heartwood 
is  not  affected  by  bleeding;  (3)  that  the  durability  of  the  heartwood  is  not 
affected  by  bleeding,  since  the  resin  comes  from  sapwood  only. 

The  following  table  shows  the  remarkable  numerical  similarity  between 
the  average  results  for  three  groups  of  trees,  the  higher  values  of  the  bled 
material  being  readily  explained  by  the  difference  in  weight : 

Specific  Bending  Compression 

Number       weight  of  strength  per  strength  per 

Longleaf  pine.                   of  tests.      test  pieces,  square  inch,  square  inch. 

Per  cent.  Pounds.             Pounds. 

Unboxed  trees 400  0.74  12,358  7,166 

Boxed  and  recently  aban- 
doned   390  .79  12,961  7,813 

Boxed  and  abandoned  five 
years 535  .76  12,586  7,575 

The  amount  of  resin  in  the  wood  varies  greatly,  and  trees  growing  side 
by  side  differ  within  very  wide  limits.  Sapwood  contains  but  little  resin 
(i  to  4  per  cent),  even  in  those  trees  in  which  the  heart  wood  contains 
abundance.  _  In  the  heartwood  the  resin  forms  from  5  to  24  per  cent,  of 
the  dry  weight  (of  which  about  one-sixth  is  turpentine)^  and  can  not  be 
removed  by  bleeding,  so  that  its  quantity  remains  unaffected  by  the  process. 

Bled  timber,  then,  the  tests  have  shown,  is  as  useful  for  all  purposes 
as  unbled. 


FRANKLIN  INSTITUTE 

{Proceedings  of  the  stated  meeting  held  Wednesday,  June  i6,  1909.) 


Hall  of  the  Fil\nklix  Institute, 

Philadelphia.  June   16,   1909. 
President  Walton  Clark  in  the  Chair. 

Present,  forty  members  and  visitors. 

Additions  to  membership  since  last  report,  four. 

The  Chairman  introduced  Mr.  W.  H.  Fulweiler  of  Philadelphia,  who 
presented  an  interesting  communication  on  the  "  Development  of  Modern  Road 
Surfaces."  The  speaker  reviewed  the  progress  made'  in  road  building,  and 
gave  special  consideration  to  the  preparation  of  road  surfaces  with  tar,  oil, 
and  other  substances.  The  subject  was  illustrated  with  numerous  lantern 
photographs  of  roads  and  streets,  and  apparatus  used  in  the  construction  and 
maintenance  of  modern  highways. 

A  vote  of  thanks  was  tendered  the  speaker  and  his  paper  was  referred 
for  publication.  James  Christie, 

Secretary. 


COMMITTEE  ON  SCIENCE  AND  THE  ARTS 

(Abstract  front  proceedings   of   the   stated   meeting   held    JVcdnesday,  June 

2,  1909.) 

Hall  of  the   Franklin   Institute, 

Philadelphia.  May  5.  1909. 

Mr.  J.  Y.  McConnell  in  the  Chair. 

The  following  report  passed  first  reading:  (No.  2456.)  System  of 
briquetting  coal — William  F.  Giles,  Philadelphia. 

For  want  of  a  quorum  no  action  was  taken  on  reports. 

The  report  of  the  sub-committee  on  reorganization  was  presented  in  its 
final  form,  and  was  ordered  to  be  transmitted  to  the  Board  of  Managers 
as  the  report  of  the  Committee. 
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BOOK  NOTICES 


Principles  of  Direct  Current,  Electrical  Engineering.  By  James  R.  Barr, 
A.M.I.E.E.  Lecturer  in  Electrical  Engineering,  Heriot-Watt  College, 
Edinburgh.  VIII  x  551  pages,  6x9  inches,  with  294  illustrations. 
Whiitaker  &  Co.,  London  and  New  York.     Price,   los  net. 

There  is  no  lack  of  satisfactory  literature  on  the  subject  of  electrical 
engineering,  and  there  is  consequently  no  great  latitude  in  the  selection  of 
subject  matter  in  the  compilation  of  a  course. 

The  author's  aim  has  been  to  give  a  clear  and  concise  account  of  funda- 
mental principles  and  whenever  possible  the  methods  of  applying  them  by 
problems  systematically  arranged   in  the  order  of  treatment  of  the   subject. 

Beginning  with  an  analysis  of  fundamental  units,  the  subject  is  developed 
in  logical  sequence  to  cover  the  applications  to  the  various  apparatus  em- 
ployed in  the  generation,   measurement,  and  distribution  of  direct  currents. 

The  book  is  neither  too  profound  nor  too  elementary  for  a  student  who 
has  had  reasonable  preparation  in  elementary  physics  and  mathematics,  and 
the  frequent  numerical  examples  that  occur  throughout  the  work  cannot 
fail  to  impress  the  reader  with  a  sense  of  the  reality  of  the  results  and 
confidence  in  a  knowledge  of  the  subject  so  obtained. 

The  unstinted  collection  of  diagrams,  cuts,  and  plates  and  the  general 
typography  are  of  high  degree  of  excellence. 

The  work  as  a  whole  reflects  credit  both  to  author  and  publisher. 

L.  E.  P. 

Construction  des  induits  a  courant  continu — Coussinets,  paliers  et 
autre  organes  de  transmission.  Par  E.  J.  Brunswick  et  M.  Aliamet, 
Ingenieurs-Electriciens.  192  pages,  4V2  x  -jYz  inches,  with  38  illustrations. 
(Encyclopedic  scentifique  des  Aide-Memoire.)  Price,  paper,  2  francs 
50;  cloth,  3  francs.     Librarie  Gauthier-Villars,  Paris,  1908. 

This  volume  is  the  fifth  of  a  series  devoted  to  a  study  of  the  construction 
of  continuous  current  generation  and  is  devoted  exclusively  to  the  topics 
specified  in  the  title. 

It  constitutes  a  convenient  compilation  of  the  principles  involved  in  the 
design  of  sliding  and  ball  bearings,  pedestals,  oiling  systems  and  belt 
transmissions. 

Particular  reference  is  made  to  the  Leuveu  system  of  controlling  belt 
tensions,  which  consists  in  the  application  of  a  tightening  pulley  carried  by 
a  counterweighted  arm. 

The  work  concludes  with  a  bibliography  and  a  detailed  table  of  contents. 

L.  E.  P. 

Eterage,  trefelage,  dressage  des  produits  metallurgique.  Par  Georges 
Soliman,  Ingenieur  des  Arts  et  Manufactures.  (Encyclopedic  scientifique 
des  Aides-Memoire.)  164  pages,  4^^x75/2  inches,  with  21  illustrations. 
Price,  paper,  2  francs  50;  cloth,  3  francs.     Gauthier-Villars,  Paris. 

The  author  has  collected  various  data  on  the  drawing  of  metals  and  their 
alloys.  Following  a  preliminary  consideration  of  the  mechanical  properties 
of  the  products  considered,  he  describes  the  operations  involved  in  drawing 
steel,  copper,  brass,  and  bronze,  devoting  a  chapter  particularly  to  wire- 
drawing. 

Briefly,  the  author  has  condensed  in  small  compass  the  best  available 
information  relating  to  the  subject.  L.  E.   P. 

Vol.  CLXVIII,  No.  1003—6  81 


82  Book  Notices. 

Les  succedanes  de  la  soie.  Les  Soies  artificielles.  Par  A.  Chaplet,  ancien 
Directeur  d'usine  et  H.  Rousset,  Ingenieur-Chimiste  (Encyclopedic  scien- 
tifique  des  Aide-Memoire).  i68  pages  45^2x7^2  inches  with  19  illustra- 
tions.    Paris,  Gauthier-Villars.     Price,  paper  2  fr.  50;  cloth  3  fr. 

The  artificial  production  of  silk  by  a  close  imitation  of  the  natural 
process  of  the  silkworm  is  one  of  the  triumphs  of  modern  applied  chemistry. 

In  this  volume  a  concise  account  is  given  of  the  discovery  of  artificial 
silks,  the  processes  of  their  manufacture  and  a  description  of  plant  and 
apparatus  employed  in  the  development  of  the  industry.  Although  somewhat 
condensed,  various  processes  and  their  chemical  significance  and  the  form 
elemental  apparatus  are  described  in  considerable  detail.  The  work  is  of 
interest  not  onlv  to  the  specialist  but  to  the  general  reader  on  technology. 

L.  E.  P. 

Les  succedanes  de  la  soie.  Le  mercerisage  et  les  machines  a  merceriser. 
Par  J.  Chaplet,  Ancien  Directeur  d'usine  et  H.  Rousset,  Ingenieur- 
Chimiste.  (Encjxlopedie  scientifique  de  Aide-Memoire.)  156  pages 
4/^x7^/2  inches,  24  illustrations.  Price,  paper  2  fr.  50;  cloth  3  fr. 
Gauthier-Villars,   Paris. 

As  distinguished  from  the  artificial  production  of  silk  the  process  of 
mercerization  is  employed  in  converting  vegetable  fibre  by  a  chemical  treat- 
ment into  one  closely  simulating  silk  in  appearance  and  physical  properties. 
This  work  describes  in  succinct  detail  the  objects  of  the  method,  its  history 
and  its  mode  of  application  and  constitutes  a  companion  to  the  one  above 
noted.  L.  E.  P. 


PUBLICATIONS  RECEIVED 


U.  S.  Library  of  Congress.  The  Copyright  Law  of  the  United  States 
of  America  in  force  July  i.  1909.  Copyright  Office,  Bulletin  No.  14.  37 
pages,  8  vo.     Washington,  Government  Printing  Office,   1909. 

U.  S.  Coast  and  Geodetic  Survey.  U.  S.  Magnetic  Tables  and  Magnetic 
Charts  for  1905,  by  L.  A.  Bauer,  Inspector  of  Magnetic  Work  and  Chief  of 
Division  of  Terrestrial  Magnetism.  154  pages,  maps,  quarto.  Washington, 
Government  Printing  Office,  1908. 

Einige  Untersuchungen  im  Staugebiete  eines  Wasserlaufes  bei  Briicken- 
bau  von  W.  Plenkner.  Sonderabdruck  aus  der  "  Osterreichischen  Wochen- 
schrift  fiir  den  offentlichen  Baudienst,"  Heft  I,  1909.  8  pages,  plates,  folio. 
Wien,  Verfasser,  1909. 

Zoological  Bulletin  of  the  Division  of  Zoology  of  the  Pennsylvania  De- 
partment of  Agriculture.  January  i,  February  i,  March  i,  1909,  3  pamphlets, 
illustrations,  plates,  8  vo.     Harrisburg,   State   Printer,   1909. 

Pennsylvania  State  College  Agricultural  Experiment  Station  Bulletin  No. 
89.  Shelter  tent  experiment  with  Sumatra-type  tobacco.  No.  90.  Soil 
fertility.     2  pamphlets,  illustrations,  8  vo.     State  College,  1909. 

U.  S.  Department  of  Agriculture.  Forest  Service.  Circular  150.  Doug- 
las Fir :  A  Study  of  the  Pacific  Coast  and  Rocky  Mountain  Forms,  by  E.  H. 
Frothingham.  Circular  155.  Production  and  Consumption  of  Basket  Willows 
in  the  United  States  for  1906  and  1907,  by  C.  D.  Mell.  2  pamphlets,  illustra- 
tions, 8  vo.     Washington,  Government   Printing  Office,   1909. 

U.  S.  Coast  and  Geodetic  Survey.  Principal  Facts  of  the  Earth's  Mag- 
netism and  Methods  of  Determining  the  True  Meridian  and  the  Magnetic 
Declination.  (Reprinted  from  United  States  Declination  Tables  and  Isogenic 
Charts  for  1902.)     99  pages.     Washington,  Government  Printing  Office,  1909. 

U.  S.  Coast  and  Geodetic  Survey.  Results  of  Observations  Made  at  the 
Magnetic  Observatory  near  Honolulu,  Hawaii,  1902-1904,  by  Daniel  L. 
Hazard.  130  pages,  illustrations,  8  vo.  Washington,  Government  Printing 
Office,  1909. 

Photographic  de  la  Comete  1907  d  [Daniel].  (I  Rapport  de  I'Observatoire 
Astronomique  des  Freres  Josef  et  Jan  Fric  "  Zalov "  pres  D'Ondrejov — 
Boheme)  par  Josef  Jan  Fric  et  Fr.  Nusl.  3  pages,  plates,  8  vo.  Prague, 
Academic  des  Sciences,  1908. 

Premiere  fitude  sur  les  Anomalies  de  Refraction,  dl  Rapport  de  I'Obser- 
vatoire Astronomique  des  Freres  Josef  et  Jan  Fric  "  Zalov  "  pres  D'Ondrejov 
en  Boheme)  par  Fr.  Nusl  et  Josef  Jan  Fric.  10  pages,  illustrations,  plates, 
8  vo.     Prague,  Academic  des  Sciences,  1908. 

Carnegie  Institution  of  Washington,  Department  of  Terrestrial  Mag- 
netism. Annual  Report  of  the  Director,  1908.  (Reprinted  from  Year  Book 
No.  7.)     163-174  pages,  plates,  8  vo. 
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Pennsylvania  Medical  Society.  Messages :  Medical  Requirements  in 
Pennsylvania  ;To  the  Medical  Profession ;  Proposed  Medical  Bill ;  Vaccina- 
tion ;  Value  of  Scientific  Research.     3  pamphlets,  illustrations,  8  vo. 

Gas  Producers  and  Gas  Firing,  and  the  Advantages  of  Gas  Firing  over 
the  Direct  Use  of  Coal.  (Reprinted  from  The  Mining  Journal,  February  6, 
1909.)  By  Ernest  Schmatolla.  19  pages,  illustrations,  8  vo.  London,  The 
Mining  Journal. 

University  of  Illinois  Bulletin,  Vol.  VI,  No.  4.  Chemical  and  biological 
survey  of  the  waters  of  Illinois.  Report  from  September  i,  1906,  to  Decem- 
ber 31,  1907.  Edward  Bartow,  Director.  Water  Survey  Series,  No.  6.  88 
pages,  illustrations,  8  vo.     Urbana,  University,  1908. 

The  Machinations  of  the  American  Medical  Association.  An  exposure 
and  a  warning,  by  Henry  R.  Strong.  131  pages,  12  mo.  St.  Louis,  The 
National  Druggist,  1909. 

U.  S.  Coast  and  Geodetic  Survey.  Results  of  Observations  ^  ade  at  the 
Magnetic  Observatory  at  Vieques,  Porto  Rico,  1 903-1 904,  by  Daniel  L. 
Hazard.  70  pages,  illustrations,  quarto.  Washington,  Government  Printing 
Office,  1909. 

U.  S.  Coast  and  Geodetic  Survey.  Results  of  Observations  Made  at 
the  Magnetic  Observatory  at  Sitka,  Alaska,  1902-1904,  by  Daniel  L.  Hazard. 
129  pages,  illustrations,  plates,  quarto.  Washington,  Government  Printing 
Office,  1909. 

Argentine  Republic.  International  Exhibition  of  Railways  and  Land 
Transport  to  be  held  at  Buenos  Aires  from  May  to  November,  1910.  Pro- 
gramme, Rules  and  Regulations,  Registration  and  Show  Room  Fees,  Applica- 
tion for  Admission,  Map  of  Buenos  Aires.  8  vo  and  quarto.  Buenos  Aires, 
The  Executive  Committee,  1909. 

Trigonometrische  Langenbestimmung  Geodatischer  Grundlinien  von  A. 
Tichy,  Inspektor  der  K.  K.  Osterreichischen  Staatsbahnen.  67  pages,  illus- 
trations, plates,  8  vo.  Wien,  Osterreichisher  Ingenieur  und  Architekten- 
Verein. 

Brown  &  Sharp  Manufacturing  Co.  Catalog  of  machinery  and  tools. 
549  pages,  illustrations,  24  mo.     Providence,  1909. 

The  Munroe  Crucible,  by  Walter  O.  Snelling.  Reprinted  from  the 
Journal  of  the  American  Chemical  Society,  vol.  xxxi,  No.  4,  April,  1909. 
5  pages,  8  vo. 

Georgia  Geological  Survey.  Bulletin  No.  18.  Second  report  on  the  clay 
deposits  of  Georgia,  by  Otto  Veatch,  Assistant  State  Geologist.  453  pages, 
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BY 

ROBERT   H.   BRADBURY. 

I.    THE    PROBLEM. 

Among  the  natural  albumins,  and  other  proteins,  the  possi- 
bilities of  intricate  atomic  linkage  and  of  the  resulting  complex 
molecular  structure  have  been  realized  more  fully  than  in  any 
other  class  of  chemical  compounds.  This  is  evident  from  the 
magnitude  of  the  molecular  weight,  which,  for  different  pro- 
teins, varies  from  15,000  to  25,000.  These  enormous  figures 
are  minima,  since  it  is  impossible  to  guarantee  the  purity  of  the 
substance  used  in  the  determination,  and  the  observed  minute 
changes  in  the  freezing-points  of  solvents  may  well  have  been 
at  least  partially  due  to  traces  of  other  compounds.  Lotter- 
moser  has  found  that  after  decomposing  sodium  silicate  with 
hydrochloric  acid,  it  is  quite  impossible  to  free  the  colloidal 
silica  from  absorbed  salt  and  the  difficulties  in  the  way  of  depriv- 
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ing  a  substance  like  egg  albumin  of  traces  of  crystalloidal  matter 
are  at  least  as  great. 

Clearly  in  a  carbon  compound  with  a  molecular  weight  of 
20,000  or  so,  the  number  of  isomers  due  to  variations  of  ordi- 
nary structure  which  may  occur  is  practically  infinite.  But  this 
is  only  half  the  story.  All  the  proteins  contain  large  numbers 
of  asymmetric  carbon  atoms  and,  according  to  Van't  Hoff's 
well-known  law,  this  multiplies  the  number  of  structural  isomers 
by  2°  where  n  is  the  number  of  such  atoms. ^ 

Looking  at  the  matter  from  an  entirely  different  viewpoint, 
we  obtain  the  same  impression  of  staggering  complexity.  The 
proteins  occupy  a  peculiar  place  in  nature.  The  role  of  the  fats 
and  carbohydrates  is  simple  and  can  be  filled  by  compounds 
of  comparatively  simple  chemical  character,  but  the  role  of  the 
proteins  can  only  be  adequately  played  by  a  class  of  compounds 
capable  of  the  greatest  possible  diversity  of  chemical  structure 
and  behavior.  Aside  from  the  familiar  different  functions  which 
proteins  have  in  different  parts  of  the  animal  and  plant  body,  it 
is  becoming  evident  that  the  albumins  of  different  species  of 
animals — I  mean  those  of  similar  function  and  character  in  the 
different  species — are  slightly  but  specifically  different.  So  far 
as  the  proteins  of  the  blood  are  concerned,  the  Bordet  blood-test 
— developed  by  Uhlenhut  and  others  into  a  forensic  method  of 
great  importance — is  a  clear  proof  of  this.  Recent  investigations 
of  the  milk  of  various  mammals  point  in  the  same  direction.  In 
fact  the  whole  trend  of  recent  research  is  toward  establishing 
the  manifold  possibilities  of  the  proteins  and  the  delicate  and 
yet  strictly  specific  nuances  of  chemical  behavior  which  they 
exhibit. 

It  is  not  too  much  to  say  that  the  synthesis  of  this  class  of 
compounds  by  methods  which  give  a  complete  account  of  their 
constitution  is  the  most  difficult  task  which  has  been  set  before 
the  organic  portion  of  our  science.  The  difficulty  reappears  in 
practical  work,  for  the  proteins  have  some  very  undesirable 
laboratory  attributes.  Their  characteristic  instability,  while 
most  important  in  nature,  is  not  helpful  to  the  synthetic  chemist, 

'  This  does  not  hold  good  if  it  turns  out  that  only  one  of  each  enantio- 
morphous  pair  is  found  in  nature,  as  appears  to  be  the  case  with  the 
amino-acids. 
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and  the  impossibility  of  crystallizing  most  of  them  renders  their 
purification  especially  difficult.  In  fact  it  is  extremely  doubtful 
whether  any  of  them,  with  the  possible  exception  of  the  albumins, 
are  really  chemical  individuals. 

On  the  other  hand,  those  who  endeavored  to  travel  by  the 
analytic  road  have  met  with  insuperable  difficulties.  The  only 
possibility  is  to  break  up  the  enormous  molecule  into  simpler 
ones  of  known  constitution  and  then  to  attempt  to  form  some 
idea  of  the  way  in  which  the  compounds  obtained  are  united  in 
the  original  substance.  Of  the  various  methods  of  attack,  the 
only  one  which  has  given  results  of  definite  value  is  total 
hydrolysis  by  alkalies,  acids,  or  ferments.  This  resolves  the 
protein  at  once  into  its  simplest  proximate  constituents,  which, 
aside  from  ammonia  and  glucosamine,  are  exclusively  amino- 
acids. 

The  next  step  is  to  separate  these  amino-acids  from  each 
other  and  to  get  at  least  an  approximate  idea  of  the  quantity 
in  which  each  is  present.  This,  until  Emil  Fischer's  ester 
method  was  discovered,  was  impossible.  Some  amino-acids,  like 
leucine  and  tyrosine,  are  easily  separated  from  the  mixture 
obtained  on  hydrolysis  by  means  of  their  difficult  solubility  in 
water.  Glutaminic  acid  was  detected  on  account  of  the  slight 
solubility  of  its  hydrochloride.  The  wade  distribution  of  these 
acids  in  the  various  proteins  investigated  was  at  once  recognized. 
But,  for  the  majority  of  the  amino-acids  produced,  suitable 
methods  of  separation  and  purification  were  unknown  and  they 
not  only  could  not  be  estimated  quantitatively  but  escaped  ob- 
servation altogether.  In  fact,  by  the  total  hydrolysis  of  the 
protein  molecule  a  large  number  of  decomposition  products  are 
formed  whose  properties  are,  in  the  main,  very  similar  to  each 
other.  Many  of  the  amino-acids  form  mix-crystals  with  each 
other.  All  the  amino-acids  which  occur  in  the  proteins  are 
optically  active  and  by  the  more  or  less  violent  methods  of 
hydrolysis  they  are  in  part  racemized.  While  the  chemical  prop- 
erties of  the  racemic  form  closely  resemble  those  of  the  active 
modifications,  the  physical  properties,  especially  solubility,  are 
so  different  that  serious  additional  difficulties  are  thrown  in 
the  way  of  the  separation. 
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2.  total  hydrolysis the  ester  method  of  emil  fischer. 

The  total  hydrolysis  of  the  proteins  has  been  almost  always 
carried  out  with  25  per  cent,  sulphuric  acid  or  with  concentrated 
hydrochloric  acid.  Six  hours'  boiling-  suffices  in  the  latter  case, 
while  in  the  former  sixteen  hours  is  required.  The  acid  is 
previously  warmed  upon  the  water-bath  until  complete  solution 
results  and  the  time  required  for  this  is  not  included  in  the  above 
statement.  Half  a  kilo  of  albumin  is  as  much  as  can  be  profit- 
ably worked  up  in  one  operation.  The  result  of  the  boiling  is 
a  dark  violet  or  brown  solution.  It  is  filtered  from  any  undis- 
solved residue  and  the  filtrate  and  wash-water  evaporated 
together  at  a  temperature  not  higher  than  40°  and  a  pressure 
of  about  15  mm.  to  a  syrup.  This  is  taken  up  with  a  large 
quantity  of  absolute  alcohol  and  hydrochloric  acid  gas  led  into 
the  liquid  in  order  to  convert  the  amino-acids  into  their  ethyl 
esters,  which  are,  of  course,  obtained  as  hydrochlorides.  Glycine 
can  be  removed  at  this  stage  by  evaporating  somewhat  and 
adding  a  crystal  of  glycine  ethyl  ester  hydrochloride.  This  whole 
series  of  operations,  estrification  by  HCl,  evaporation,  and  re- 
moval of  glycine,  should  be  repeated  at  least  three  times.  Then 
the  solution  of  the  ester  hydrochlorides  can  be  evaporated  to  a 
syrup  and  the  free  esters  liberated  from  the  hydrochlorides  by 
the  addition  of  caustic  soda  and  potassium  carbonate.  Since 
the  saponification  of  the  esters  is  to  be  avoided  and  some  of 
them  are  very  sensitive  to  alkali,  this  operation  requires  caution 
and  skill. ^  The  liquid  should  be  cooled  and  covered  with  a  layer 
of  ether  to  remove  the  amino-acid-esters  as  fast  as  they  are 
liberated  from  the  hydrochlorides.  From  time  to  time  the 
ethereal  layer  is  poured  off  and  immediately  renewed.  When 
the  liberation  is  finished  the  whole  ethereal  solution  is  evaporated 
to  remove  the  ether.  Most  of  the  "ether  can  be  safely  removed 
by  ordinary  evaporation,  but  for  the  last  portions  it  is  best  to 
use  reduced  pressure  to  avoid  the  loss  of  important  quantities 
of  the  simpler  esters,  like  those  of  glycine  and  alanine. 

The  amino-esters  are  then  separated  into  fractions  by  dis- 

^  It  would  exceed  the  scope  of  this  paper  to  give  all  the  details  of 
Fischer's  ester  method,  the  publication  of  which  marks  an  epoch  in  this 
domain.  A  full  account  can  be  found  in  Zeitschrift  fiir  physiolog.  Chemic, 
vol.  33,  p.  151,  1901.  This  paper  is  reprinted  in  Fischer's  collected  researches. 
p.  633.  A  briefer  but  very  good  description  is  given  by  Aberhalden 
(Eiweisschemie,  p.  15,  et  seq.,  1909). 
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tillation  under  greatly  reduced  pressure  on  the  water-bath  and 
finally .  on  the  oil-bath.  No  attempt  is  made  to  separate  the 
individual  acids  in  this  way.  That  would  be  quite  impracticable. 
But  subdivision  into  four  fractions  only  effects  such  a  prelim- 
inary separation  that  the  isolation  of  the  individual  acids  can 
usually  be  carried  out  without  too  much  difficulty. 

3.    THE    AMINO-ACIDS. 

The  amino-acids  are  discussed  in  the  text-books  of  the 
organic  side  of  our  science  and,  owing  to  their  physiological 
importance,  have  received  a  rather  full  treatment,  even  in  the 
briefer  of  the  recent  books.^  It  would  be  out  of  place  to  cata- 
logue them  in  the  present  paper.  It  is  desirable,  however,  to 
discuss  ver\^  shortly  two  or  three  typical  ones  as  examples  of 
the  substances  of  which  the  protein  molecule  appears  to  consist. 

The  simplest  one  is  glycine,  amino-acetic  acid,  NHoCHo- 
CO2H.  It  has  been  known  for  nearly  a  century.  It  is  widely 
distributed  as  a  protein  constituent  and  is  readily  obtained  syn- 
thetically from  mono-chlor-acetic  acid  and  ammonia.  It  is  inter- 
esting as  being  the  only  natural  aminp-acid  which  does  not 
contain  an  asymmetric  carbon  atom.  All  of  the  other  protein 
constituents  are  active  and  asymmetrically  constituted.  Either 
the  dextro-  or  the  l^evo-form  may  be  the  one  found  in  nature, 
but  never  both  and  never  the  racemic  compound.  Glycine  forms 
mono-clinic  cr\^stals  which  are  freely  soluble  in  water,  but  insol- 
uble in  alcohol  and  ether.  \\'hen  the  ethyl  ester  of  glycine  is 
allowed  to  stand  in  acjueous  solution  two  molecules  of  alcohol 
split  off  and  glycine  anhydride 

/CH,— CO. 
NH  NH<^' 

^CO— CHa^ 

results.  This  is  the  simplest  of  the  2 :  5  di-keto-piperazines.  It 
is  of  great  interest  because  when  hydrolyzed  instead  of  taking 
up  two  molecules  of  water  and  going  back  to  glycine,  it  takes 
up  only  one  molecule,  breaking  the  ring  between  the  amino  and 
the  carbonyl  and  forming  the  simplest  dipeptide,  glycyl-glycine 

'  Holleman  second  edition,  p.  247,   1907. 

*  Curtius,  Journal  fiir  praktische  Chemie,  vol.  }J,  p.  150,  1888. 
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NH2CH2CONHCH2CO2H.  In  alanine,  alpha-amino-propionic 
acid  CH3CHNH2CO2H,  the  asymmetric  carbon  atom  which 
characterizes  all  these  compounds  except  glycine  has  already 
appeared.  It  is  marked  with  a  star  in  the  formula.  Only  the 
dextro-isomer  is  found  in  nature.  Synthesis  from  a-halogen 
propionic  acid  and  ammonia  leads,  of  course,  to  the  racemic 
compound.  The  two  isomers  can  be  separated  by  first  benzoy- 
lating  the  amino  group  and  then  making  the  brucine  salt.  The 
salt  containing  the  l?evo-isomer  crystallizes  while  that  of  the 
dextro-compound  stays  in  the  mother  liquor.  The  free  amino- 
acids  are  then  regenerated  by  the  usual  methods. 

The  passage  from  dextro-alanine  to  laevo-alanine  and  back 
again  over  what  Fischer  has  called  the  "  Walden  reversal  "  is 
interesting.  When  1-a-amino-propionic  acid  is  treated  with 
nitrosyl  bromide  the  amino  group  is  replaced  by  bromine  but 
only  d-a-brom-propionic  acid  is  produced — there  is  a  change  in 
the  configuration.  This  when  treated  with  ammonia  yields 
d-a-amino -propionic  acid  (d-alanine).  Thus  we  have  j>assed 
from  the  Iccvo-  to  the  dextro-compound  without  racerr\ization. 
In  order  to  pass  back  again  to  the  Isevo-compound  we  have  only 
to  treat  the  d-alanine  with  NO  Br  when  it  gives  only  1-a-brom- 
propionic  acid,  which  on  treatment  with  ammonia  yields  1-a- 
amino-propionic  acid  (1-alanine)  again. 

l-«-amino-propionic  acid   ^NHg^  1-brom-propionic  acid  (1-alanine). 

it 
NO  Br  NO  Br 

1  t 

d-brom-propionic  acid  -^NH3^  d-«-amino-propionic  acid  (d-alanine). 

L-leucine,    a-amino-isobutyl-acetic    acid 

'^CH— CH^CH  (NH2)  CO^H. 

is  particularly  abundant  as  a  constituent  of  the  protein  mole- 
cules. It  has  been  synthesized  from  iso-amyl  alcohol  over  iso- 
valeraldehyde  and  the  cyanhydrin  synthesis.  Naturally  this 
yields  d-1-leucine  but  it  can  be  split  up  by  making  the  formyl 
compound  and  then  the  brucine  salt. 
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CH3.  +0         CH3.  +HCN+NH3 

)CH-CH2-CH20H— HjO-  yCH-CH^-CHO— Hp 

CH3/  CH3/ 

Iso-amyl  alcohol 
CH3  +2H3O     CH3\ 

)CH-CH2-CHNH2CN—  NH3  -»  /CH-CHj-CHNH^COjH 

CU/  *  CH3/ 

In  addition  to  these  simple  compounds  we  meet  among-  the 
decomposition  products  of  protein  with  amino-oxy-acids  like 
serine  CHo(OH)CH(NH2)C02H,  with  amino-di-carboxylic 
acids  like  aspartic  acid  C02HCH(NH2)C02H  and  with  di- 
amino-acids.  Some  of  the  most  important  of  the  amino-acids, 
like  tyrosine,  proline,  and  tryptophane  contain  aromatic  or 
heterocyclic  nuclei. 


4.  the  synthetic  method. 

Total  hydrolysis,  then,  has  given  us,  in  connection  with  the 
ester  method,  what  appears  to  be  a  fairly  complete  account  of 
the  simpler  constituents  of  the  protein  molecules.  So  far,  eigh- 
teen amino-acids  have  been  identified  ^^^ith  certainty  among 
the  decomposition  products.  But  it  leaves  us  without  infor- 
mation upon  the  question  of  how  these  constituents  are  united. 
The  obvious  way  of  attacking  this  problem  is  to  apply  gentler 
methods  of  hydrolytic  decomposition  and  endeavor  to  get  hold 
of  intemiediate  compounds  between  the  protein  and  the  amino- 
acids.  As  a  suitable  method,  standing  in  the  cold  with  acid  for 
varying  lengths  of  time  has  been  tried.  Still  more  promising 
was  the  decomposition  of  proteins  by  means  of  ferments 
analogous  to  those  active  in  the  various  digestive  processes. 

An  enormous  amount  of  work  has  been  done  along  this  line 
and  from  the  products  of  fermentative  and  chemical  partial 
hydrolysis  of  protein  a  large  number  of  substances  has  been 
separated  and  described.  In  no  case,  however,  has  any  satis- 
factory evidence  been  furnished  that  the  material  obtained  was 
a  pure  chemical  substance  and,  in  most  cases,  the  materials 
separated  have  not  been  investigated  with  a  view  to  ascertaining 
the  amino-acids  of  which  they  were  made  up.  It  is  clear  that 
no  knowledge  is  obtained  regarding  the  make  up  of  the  original 
substance  unless  the  intermediate  product  is  a  pure  compound 
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whose  constitution  is  determined.  So  that  the  value  of  the 
results  has  been  scarcely  commensurate  with  the  labor  expended 
upon  them. 

It  could  hardly  have  turned  out  otherwise.  A  certain 
amount  of  total  decomposition  occurs  along  with  the  partial 
hydrolysis.  The  resulting  mixture  contains  not  only  the  amino- 
acids — whose  separation,  as  we  have  seen,  defied  chemists  until 
the  invention  of  the  ester  method — but,  along  with  them,  a 
large  number  of  intermediate  products,  more  complicated  in 
character  and  less  inclined  to  crystallization.  The  researches 
of  Kiihne,  Hofmeister,  Neumeister  and  other  physiologists  have 
shown  how,  chiefly  by  precipitation-reactions,  this  mixture  can 
be  separated  into  various  fractions  and  that,  if  one  rigidly 
adheres  to  the  same  conditions,  the  corresponding  fractions 
obtained  in  different  experiments  will  behave  in  about  the  same 
way.  But  this  is  no  proof  that  they  are  pure  substances.  "'  Die 
verschiedenen  Sorten  von  Albumosen  wid  Peptonen  mit  denen 
die  Physiologen  rechnen,  fitr  den  Chemiker  nur  unentwirrhare 
Geniische  hedeuten  konnen."  ^ 

Here,  then,  the  chemistry  of  albumin  threatened  to  come  to 
a  standstill,  for  the  separation  of  the  mixture  under  discussion 
has  not  been  carried  out  and  will  not  be  until  more  effective 
methods  than  those  we  possess  at  present  are  devised.  It  was 
at  this  stage  that  Emil  Fischer  made  his  daring  and  successful 
attempt  to  travel  the  synthetic  road.  Starting  with  the  idea  that 
the  amino-acids  in  the  proteins  are  connected  by  an  amide  link- 
age, he  undertook  to  build  up  from  the  various  amino-acids  pure 
compounds  of  perfectly  definite  composition  and  properties  and 
then  to  search  for  them  in  the  decomposition  products  of  the 
proteins.  So  far,  he  and  his  co-workers  have  prepared  more 
than  a  hundred  of  these  compounds.  He  calls  them  polypeptides. 
A  compound  composed  of  two  molecules  of  amino-acid  is  a 
dipeptide,  one  composed  of  three  a  tripeptide  and  so  on.  This 
nomenclature  holds  whether  the  molecules  linked  are  alike  or 
not. 

The  simplest  polypeptide   is  glycyl-glycine — two   molecules 

°  Fischer,  Untersuchungen  iiber  Aminosauren,  Polypeptide  und  Pro- 
teine.  1906.  Berichte  der  Deutschen  Chemischen  Gesellschaft,  vol.  39,  p. 
530,  1906. 
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of  glycine  linked.  It  may  be  conceived  as  resulting  with  loss  of 
water,  though  this  is  not  the  actual  method  of  making  it. 

NHsCHoCOOH+HoNCH^COOH^ 

NHXHXONHCHXO2H  +  H2O 

Glycyl-glycine  is,  of  course,  a  dipeptide.  Using  Fischer's  gen- 
eral synthetic  methods  which  we  shall  glance  at  in  a  moment 
we  can  introduce  into  its  amino  group  another  glycine  residue, 
obtaining  di-glycyl-glycine — 

'       NHXH2CONHCH2CONHCH2CO2H 

This  is  the  simplest  tripeptide.  There  is  no  definite  limit  to  this 
process  of  building  up.  But,  instead  of  restricting  ourselves  to 
glycine,  there  is  nothing  to  prevent  our  using  any  one  of  the 
other  amino-acids  at  any  stage.  For  instance  1-leucine  can  be 
coupled  with  glycine  obtaining  l-leucyl- glycine 

CH3 

>CH— CHaCHCNHj^CONHCH^CO^H. 

Or  glycyl  can  be  introduced  into  1-leucine,  producing  glycyl 
l-leucine 

NH2CH2CONHCH  (  C4H9 )  CO2H. 

As  a  matter  of  fact  both  these  compounds  have  been  prepared 
and,  although  so  similarly  made  up,  the  structural  difference  oc- 
casions a  total  difference  in  properties. 

When  one  considers  the  infinite  possibilities  of  permutation 
and  combination  among  the  eighteen  amino-acids  know^n,  one 
must  admit  that — while  there  is  no  evidence  that  this  amide 
linkage  is  the  only  scheme  according  to  which  the  protein  mole- 
cule is  constructed — it  alone  is  sufficient  to  account  for  the 
immense  variety  of  natural  proteins.  Except  the  vast  difficulty 
and  labor  of  such  a  synthesis,  there  is  no  a  priori  reason  why 
the  whole  eighteen  amino-acids  known  should  not  be  built  up 
into  a  single  molecule.  In  fact,  Fischer  has  made  an  octa-deca- 
peptide  containing  eighteen  amino-acid  residues,  though  they 
w^ere  not  all  different.  It  will  be  noted  also  that  all  the  poly- 
peptides, except  those  composed  of  glycyl  residues  alone,  contain 
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asymmetric  carbon  atoms  (starred  in  the  formulas).  This  mul- 
tipHes  the  staggering  number  of  structural  isomers  by  2  where 
n  is  the  number  of  amino-acid  residues  (other  than  glycyl)  in 
the  molecule.  Restricting  the  discussion  to  synthesis,  these 
isomers  would  be  grouped  in  enantiomorphous  pairs  and  the 
members  of  each  pair  would  unite  to  form  a  racemic  compound 
which  would  again  be  different  from  the  enantiomorphs.  How- 
ever, in  the  case  of  the  amino-acids,  it  appears  that  only  one  of 
each  pair  of  enantiomorphs  can  occur  in  nature.  If  this  turns 
out  to  be  universally  true,  geometrical  isomerism  would  have  no 
application  to  the  natural  proteins  except  to  explain  their  optical 
activity. 

We  must  now  consider,  very  briefly,  the  actual  methods  by 
which  Fischer  and  his  co-workers  have  effected  the  synthesis  of 
the  polypeptides.  The  oldest  of  these  methods,  historically,  we 
have  already  noticed.  The  esters  of  the  a-amino-acids  have  a 
tendency  to  split  off  two  molecules  of  alcohol  and  go  into  2  :  5  di- 
keto-piperazines : — 

/CH2— COv 
2NH2CH2COOC2H5=NH<  >NH  +  2C2H.OH 

^CO— ch/ 

This  compound  when  treated  with  hydrochloric  acid,  or  better 
with  dilute  caustic  potash,  takes  up  one  molecule  of  water  yield- 
ing glycyl-glycine 

/CH2-C0\ 
NH<  >NH+H20=NH,CH2CO-NHCH2C02H 

^CO-CH/ 

This  method  has  received  only  a  limited  application.  It  is 
plain  that  it  can  yield  only  dipeptides.  The  higher  amino-acids 
do  not  so  easily  go  over  into  di-keto-piperazines,  and  difficulties 
arise  in  the  hydrolysis  of  the  latter.  A  further  complication 
arises  from  the  presence  of  two  amino-acid  residues  in  the  ring 
of  a  mixed  di-keto-piperazine  ^ — e.g.,  Glycyl-alanine  anhydride 

.CH2.CO.  .-II 
NH  NH 

X  / 

I     CO   CH.CH, 

"  Aberhalden   "  Eiweisschemie,"   p.  84. 
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If,   in  the  hydrolysis,   the   ring-  is  broken   at   I,   glycyl-alanine, 

NHoCHoCO .  NHCH  ( CH3 )  CO2H, 
is  the  product.    But  if  the  rupture  occurs  at  II,  alanyl-g^lycine 

NH2CH(CH3)CO.NHCH2C02H, 

results.  The  separation  of  these  two  dipeptides — both  of  which  do, 
as  a  matter  of  fact,  result  from  the  hydrolysis  of  glycyl-alanine 
anhydride — is  quite  difficult.  Added  to  all  this  is  the  fact  that, 
in  the  hydrolysis  of  optically  active  di-keto-piperazines,  the  dan- 
ger of  racemization  must  be  constantly  borne  in  mind. 

Another  method  which  has  played  onl}'  a  small  role  in  the 
development  of  the  subject  is  the  synthesis  of  polypeptides  by 
means  of  the  ester  of  lower  polypeptides.  Thus,  when  the  methyl 
ester  of  di-glycyl-glycine  is  gently  heated,  methyl  alcohol  sep- 
arates and  the  methyl  ester  of  penta-glycyl-glycine  is  formed 
which,  on  saponification,  yields  the  hexapeptide  itself : 

2NH2.CHXO.NH.CH2CO.XH.CHXOXH3= 

CH30H  +  NH2CHXO.(NHCH2CO),.NH.CHXOoCH3 

The  most  productive  method  has  been  the  application  of 
halogen-acyl-compounds.  To  take  the  simplest  example :  when 
glycine  is  treated  with  chlor-acetyl-chloride,  the  amino  group 
reacts  with  the  chlorine  combined  with  carbonyl  in  the  usual 
way,  producing  chlor-acetyl-glycine.  By  treatment  with  am- 
monia the  chlorine  atom  is  then  exchanged  for  an  amino-group, 
yielding  glycyl-glycine.     Thus : 

Cl.CHoCOCl  +  XHXHXOoH^ 

CI .  CH2 .  CO— NH .  CH.COoH  +  HCl 

CI .  CTIXO— NH .  CHXOoH+2NH3= 

NHo.CHo.CO— NH.CHo.COoH  +  NHXl- 

The  great  possibilities  of  this  method  will  be  evident.  Any 
amino-acid  can  be  used  instead  of  glycine.     Glycyl-glycine  and 
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the  other  dipeptides  can  be  employed  instead  of  the  amino-acids. 
This  gives  .use  to  the  tripeptides  : 

Cl.CHo.COCl+XH,.CHo.CO— XH.CH2.COoH= 

CI .  CHo .  CO— NH .  CHo .  CO— NH .  CHoCOoH+HCl ' 

Cl.CHoCO— NH.CHXO— NHCH2C02H+2NH3= 

NH2.CH2.CO— NH.CH2CO— XH.CHo.CO^H+NH.Cl. 

The  tripeptides  can  be  built  up  in  turn  into  tetrapeptides  and 
so  on. 

On  the  other  hand,  other  halogen-acyl-chlorides  can  be  used 
instead  of  chlor-acetyl-chloride.  Thus,  if  it  is  desired  to  intro- 
duce alanyl,  a-broni-propionyl  bromide  is  used  and  the  synthesis 
carried  out  in  the  same  way. 

As  will  be  seen,  the  possibilities  of  the  method  are  sufficiently 
extensive.  An  obvious  hmitation  is  the  fact  that  it  is  impossible 
to  build  up  the  molecule  beyond  the  carboxyl.  All  the  construc- 
tive work  is  done  at  the  other  end.  This  restriction  has  been 
removed  by  the  discovery  that  by  special  methods,  which  space 
forbids  us  to  discuss,  it  has  been  found  possible  to  replace  the 
carboxyl  hydroxyl  in  the  amino-acids  and  even  in  the  poly- 
peptides by  chlorine.  The  resulting  compound  is  an  acid  chloride 
and  can  be  handled  exactly  like  one  in  the  synthesis  just 
outlined.'^'  ^'  ^ 

The  fact  that  all  the  proteins  and  their  decomposition 
products  are  optically  active  indicates  that  the  complications 
which  result  from  the  presence  of  asymmetric  carbon  atoms  in 
the  materials  employed  for  these  syntheses  cannot  be  ignored. 
In  fact  their  experimental  elucidation  constitutes  one  of  the  main 
objects  of  research.  The  main  stress  must  be  laid  on  the  syn- 
thesis of  optically  active  products,  for  these  alone  are  met  with 
in  nature. 

So  far  as  the  introduction  of  glycyl  is  concerned  the  matter 
is  simple.  Chlor-acetyl  chloride  contains  no  asymmetric  carbon 
and  its  introduction  into  an  active  amino-acid  can  give  only  one 
optically  active  product.     The  other  a-halogen  acid  chlorides  do 

'  Berichte  der  Detitschen  Chem.  Gesellsch.,  vol.  -^T'  P-  3070>  1904. 
^  Berichte  der  Deutschen  Chem.  Gesellsch.,  vol.  38,  p.  610,  1905. 
"  Berichte  der  Deutschen  Chem.  Gesellsch.,  vol.  38,  p.  2914,  1905.. 
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contain  asymmetric  carbon  and  of  course  the  racemic  compound 
is  the  only  one  obtainable  by  direct  halogenation  qf  the  acid. 
When  this  substance  is  used  with  the  active  amino-acid  in  the 
reaction  under  discussion  two  stereo-isomeric  but  not  enantio- 
morphous  dipeptides  will  result.  The  mixture  of  these  will  be 
active  whether  the  isomers  are  produced  in  equal  quantities  or 
not.  In  most  cases  the  solubilities  of  the  two  substances  are  so 
similar  that  their  separation  is  impossible. 

Another  way  of  handling  the  situation  would  be  to  separate 
the  racemic  halogen  acid  chloride  into  its  enantiomorphs  before- 
hand, but  the  immediate  reaction  of  the  acid  chlorides  with  water 
forbids  the  application  of  any  of  the  usual  methods. 

A  more  promising  possibility  is  the  separation  of  the  enantio- 
morphous  halogen-acyl-amino-acids  by  brucine  or  some  other 
active  alkaloid  before  treatment  with  ammonia ;  but,  so  far.  the 
experimental  difficulties  have  proved  insurmountable. 

So  that  we  are -driven  to  start  the  synthesis  with  an  active 
halogen  acid  chloride.  Unfortunately  these  substances  are  diffi- 
cultly accessible.  One  of  the  most  promising  means  of  preparing 
them  is  by  means  of  the  "  Walden  reversal  "  briefly  sketched 
above. ^°  Suppose  the  dipeptide  we  desire  to  make  is  d-alanyl- 
d-alanine, 

CH3 . CH .  (NHo) . CONH . CH (CH3) COoH. 

The  raw  materials  are  d-alanine  and  1-alanine  both  of  which  are 
obtained  without  difficulty,  d-alanine  is  ready  for  the  synthesis 
without  further  treatment.  The  1-alanine,  when  treated  with 
nitric  oxide  and  bromine  yields  by  the  "  Walden  reversal  " 
d-a-brom-propionic  acid,  which  can  easily  be  converted  into  its 
chloride.  By  coupling  this  with  the  d-alanine  we  obtain  d-brom- 
propionyl-d-alanine,  which  on  treatment  with  ammonia  gives 
d-alanyl— d-alanine. 

Finally,  there  remains  the  possibility  of  simply  converting 
an  active  amino-acid  into  its  chloride  and  then  coupling  with 
another  active  amino-acid,  thus  avoiding  the  use  of  the  halogen 
acid  chloride  altogether.  Very  little  has  yet  been  done  along 
this  line.  The  method  is  very  promising.  Since,  as  briefly  indi- 
cated above,  it  applies  not  only  to  amino-acids  but  also  to  poly- 

"  Aberhalden,    Eiweisschemie,   p.   85,    igog. 
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peptides,  it  will  probably  play  an  important  role  in  the  further 
development  of  the  subject. 

5.    THE   POLYPEPTIDES. 

As  already  noted,  more  than  a  hundred  polypeptides  have 
been  built  up  by  the  methods  at  which  we  have  just  glanced. 
Most  of  them,  with  some  important  exceptions,  are  soluble  in 
water,  and  more  readily  in  solutions  of  acids  and  alkalies  on 
account  of  salt-formation.  They  are  insoluble  in  ether  and 
alcohol,  although  the  latter,  with  the  addition  of  a  little  aqueous 
ammonia  is  a  good  solvent  for  them.  When  the  ammonia  is 
driven  out  by  heat  the  polypeptide  precipitates. 

From  the  tripeptides  upward,  they  yield  the  biuret  reaction, 
which  is  regarded  as  characteristic  of  the  peptones. 

Their  behavior  toward  the  digestive  ferments  is  most  inter- 
esting. So  far  no  hydrolytic  action  of  the  gastric  juice  has  been 
detected,  but  only  a  few  experiments  have  been  made  and  posi- 
tive results,  especially  with  the  higher  polypeptides,  will  prob- 
ably be  obtained  by  further  work.  On  the  other  hand,  an 
elaborate  research  ^^  shows  that  the  pancreatic  secretion  digests 
many  of  them.  The  attack  depends  upon  the  nature  of  the 
amino-acids,  the  length  of  the  chain,  and  especially  upon  the 
spatial  configuration.  An  extraordinary  instance  of  the  fineness 
with  w^hich  the  ferments  are  adjusted  to  their  special  functions  is 
found  in  the  fact  that  only  polypeptides  formed  of  the  active 
amino-acids  which  occur  in  nature  arc  hydroly::ed.^  Fischer  sug- 
gests that  the  continuation  of  these  researches  upon  the  action 
of  pepsin  and  pancreatin  upon  the  higher  polypeptides  may 
result  in  drawing  a  sharp  boundary  between  stomach  and  intes- 
tinal digestion. 

It  is  equally  impossible  and  undesirable  to  catalogue  here  the 
hundred  or  more  pohqjeptides  which  have  thus  far  been  obtained. 
We  shall  merely  glance  rapidly  at  the  simplest  and  at  the  most 
complicated.  The  others  can  be  sought  for  by  those  specially 
interested  in  the  original  papers.^  ^ 

"  Fischer  and  Aberhalden,  Zeitschrift  fiir  Physiolog.  Chemie,  vol.  46, 
p.  52,  1905. 

'"  Fischer's  Untersuchungen  iiber  Aminosauren,  Polypeptide  und  Pro- 
teine  (igo6),  is  a  collection  of  his  papers,  reprinted  with  an  index  and  the 
resume  delivered  before  the  German  Society  in  1906  as  an  introduction. 
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As  already  noted,  the  simplest  polypeptide  is  glycyl-glycine : 

NH. .  CH2 .  CO .  NH .  CHXO2H. 

We  have  already  noted  the  methods  by  which  it  is  obtained.  It 
crystallizes  in  leaflets  which  have  a  pearly  lustre.  It  melts  above 
200°  with  simultaneous  decomposition.  The  last  sentence  might 
almost  be  written  of  the  polypeptides  in  general.  Various  deriva- 
tives have  been  made. 

Glycyl-glycine  will  always  remain  the  simplest  polypeptide, 
but  the  most  complicated  is  clearly  a  function  of  the  state  of 
research  at  the  time.  At  present  the  position  is  occupied  by  an 
octa-deca-peptide,  i.e.,  a  substance  containing  eighteen  amino- 
acid  residues  united  by  an  amido  linkage.  This  substance  is 
1-leucyl-tri-glycyl-l-leucyl-tri-glycyl-l-leucyl-octa-glycyl-glycin. 

NHs.CHfC^HJ  .CO.  (NHCH2CO)3.NHCH(C4H9)CO. 

(NHCH2CO)3.NHCH(C4H9)CO. 

(NHCH2CO)8NHCH2C02H 

This  polypeptide  dissolves  only  partially  in  100  parts  of 
boiling  water.  The  solution  foams  even  when  very  dilute.  It 
is  precipitated  by  ammonium  sulphate,  but  not  by  mercuric 
chloride^  nor  by  an  acid  solution  of  mercurous  nitrate.  The 
molecular  weight  of  the  substance  is  1213.3.  It  is  the  most 
complex  compound  yet  synthetized  by  methods  which  have,  at 
every  step,  kept  clear  the  constitution  of  the  product. 

6.    STRUCTURAL   POSSIBILITIES   OF   THE    POLYPETIDES. 
CONFIGURATION. 

The  syntheses  and  reactions  of  the  polypeptides  leave  no 
doubt  that  in  them  the  amino-acids  are  coupled  by  an  amide 
linkage.  This,  however,  is  far  from  settling  their  structure.  It 
simply  means  that  in  them  we  meet,  in  a  more  complex  form, 
with  all  the  unsettled  questions  regarding  the  structure  of  the 
amino-acids  themselves. ^^  That  is,  we  must  reckon  with  the 
possibility  of  lactam  and  lactim  forms  on  the  one  hand  and  on 
the  other  with  the  question  whether  we  have  to  deal  with  a  free 

"  Fischer,  Lecture  before  the  German  Chem.  Soc,  Jan.  6,  1906.  Berichte, 
vol.  39,  p.  530. 
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amino-acid  or  with  an  intramolecular  salt.    This  gives  for  glycyl- 
glycin  the  following  four  possibilities : 

NH2CH2CONHCH2CO2H  ( I ) 

NH3CH2CONHCH2COO  (2) 


NH2CH2C(OH):NCH2C02H  (3) 

NHgCHaCCOH)  :  NCH2COO  (4) 


One  of  these  possibilities — the  antithesis  between  free  acid 
and  intramolecular  ammonium  salt — will  clearly  be  unaffected  by 
the  length  of  the  polypeptide  chain.  So  far  as  the  number  of 
isomers  due  to  this  cause  is  concerned  it  will  remain  the  same  in 
the  higher  polypeptides  unless  poly-carboxylic-  or  poly-amino- 
acids  enter  the  molecule.  In  this  case  further  complications  arise, 
which  we  have  not  space  to  discuss,  especially  as  experimental 
research  has  not  gone  far  enough  to  afford  any  evidence  to  test 
the  theoretical  conclusions. 

The  other  possibility — that  of  the  lactam  or  lactim  form — is 
a  function  of  the  number  of  amide  linkages,  and  the  number  of 
isomers  due  to  it  increases  with  the  length  of  the  chain. 

The  decision  which  of  the  four  possibilities  above  outlined 
best  represents  the  behavior  of  the  polypeptides  must  be  left  to 
the  future.  All  that  can  be  said  at  present  is  that  there  are 
fairly  clear  indications  of  the  existence  of  more  isomerides  than 
can  be  accounted  for  by  the  open  chain  formula  without  double 
linkages.  Thus,  leucyl  di-glycyl-glycine  is  obtained  as  an  amor- 
phous substance,  freely  soluble  in  alcohol.  When  the  alcoholic 
solution  is  warmed,  the  tetrapeptide  separates  in  a  cr)^stalline 
modification,  almost  insoluble  in  alcohol. 

The  consequences  which  result  from  the  application  of  the 
theory  of  the  asymmetric  carbon  atom  to  the  pohq^eptides  have 
already  been  briefly  discussed.  Lack  of  space  and  lack  of  sub- 
stantial experimental  basis  alike  forbid  us  to  lose  ourselves  in 
tracing  out  the  fascinating  possibilities  which  arise.  One  or  two 
almost  self-evident  results  which  happen  to  be  useful  in  explain- 
ing the  results  of  experiment  may  be  mentioned. 

When  inactive  halogen  acid  chloride  and  inactive  amino-acid 
are   allowed  to  interact   four  kinds   of  molecules   are   present. 
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Representing  the  acid  by  the  subscript  a  and  the  chloride  by  c 
we  have 

dA,   U,   dc,   Ic- 

So  that  there  are  four  possibiHties  for  the  configtiration  of 
the  resulting  dipeptide 

(I)  [dA   dc],    (2)  [dA   Ic],    (3)  [dc   1a],    (4)  Da   Ic]- 

Of  these  (i)  and  (4)  are  mirror  images  and  must  therefore  be 
produced  by  the  reaction  in  precisely  equal  quantities.  The  same 
is  true  of  (2)  and  (3).  (i)  will  unite  with  its  enantiomorph 
(4)  to  form  the  racemic  compound 

[(dA  dc)   (1a  Ic)] 

while  (2)  with  its  enantiomorph  (3)  will  yield 

[(dA  Ic)   (dc  1a)] 

The  theory  predicts  nothing  regarding  the  relative  quantities 
in  which  these  tw^o  racemic  compounds  will  be  formed  except 
that  they  will  not,  in  general,  be  the  same.  The  very  great  and 
even  dominant  influence  of  configuration  on  the  velocity  of  chem- 
ical changes  has  been  established  in  countless  cases,  and  it  is 
possible  for  one  of  the  compounds  to  be  so  far  preferred  that  the 
amount  of  the  other  formed  is  negligible.  In  that  case  it  is 
somewhat  difficult  to  place  its  character  as  a  pure  substance  be- 
yond doubt.  Or,  it  may  be  that  both  racemic  compounds  are 
produced  in  appreciable  quantities.  Then  the  chemist  must  face 
the  problem  first  of  separating  them  and  afterward  of  determin- 
ing which  is  which.  This  is  not  so  simple  as  might  appear. 
Thus  in  the  synthesis  of  dl-alanine-dl-leucine,  the  following  four 
active  forms  and  two  racemic  compounds  are  possible : 

d  Alanyl-1-leucine    1-Alanyl-d-leucine 

Racemic  Compound  A 
d  Alanyl-d-leucine    1-Alanyl  1-leucine 

Racemic  Compound  B 

The  synthesis  and  the  properties  of  the  two  compounds  threw 
no  light  upon  the  question  which  was  A  and  which  was  B.     In 
order  to  decide  the  point  it  was  necessary  to  resort  to  the  action 
Vol.  CLXVIII,  No.  icx)4— 8 
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of  pancreatic  secretion.  The  racemic  compound  B  resisted  the 
secretion  completely  and  could  be  recovered  unaltered.  During 
the  experiment  the  solution  remained  optically  inactive. 

A  behaved  under  the  same  experimental  conditions  in  an 
entirely  different  manner.  It  was  hydrolyzed  and  the  solution 
became  active,  showing  that  the  hydrolysis  was  occurring  asym- 
metrically. Now  it  has  been  abundantly  demonstrated  that  only 
linkages  between  amino-acids  which  occur  in  nature  are  broken 
by  pancreatic  secretion.  Since  only  d-alanine  and  1-leucine  occur 
in  the  natural  proteins,  d-alanyl-d-leucine,  1-alanyl-l-leucine  and 
1-alanyl-d-leucine  would  all  be  unaffected.  Only,  d-alanyl-1- 
leucine  would  be  hydrolyzed.  Thus  the  compound  which  is 
digested  must  have  the  configuration  A.  The  fact  that  1-analyl-d- 
leucine  was  not  affected  and  accumulated  in  the  liquid  explains 
why  the  solution  became  optically  active. ^^ 

7.   PROOFS  THAT  THE  AMIDE  LINKAGE  OCCURS  IN  THE  PROTEINS. 

What  is  the  evidence  that  the  amino-acids  are  to  be  regarded 
as  constituents  of  the  protein  molecule?  May  not  the  unstable 
molecule  undergo  complicated  rearrangements  during  the  break- 
ing-down? Have  we  any  right  to  regard  the  amino-acids  as 
existing  preformed  in  the  proteins?  These  questions  must  be 
candidly  faced,  for,  if  they  cannot  be  answered,  the  polypeptides 
become  merely  a  remarkable  group  of  synthetic  products  and 
the  peculiar  interest  attaching  to  them  is  lost. 

Briefly,  the  evidence  is  this.  The  three  different  methods  of 
hydrolysis,  by  acids,  alkalies  and  ferments,  when  applied  to  the 
same  protein,  give  identical  results.  The  same  amino-acids  are 
formed  in — so  far  as  the  ester-method  informs  us — the  same 
quantity.  This  is  unthinkable  if  complicated  molecular  readjust- 
ments be  imagined  to  precede  the  formation  of  the  amino-acids, 
for  then  the  results  would  differ  according  to  the  method  of 
attack.  Special  weight  must  be  attached  to  the  fact  that  digestion 
of  the  proteins  with  trypsin  at  blood-heat  gives  the  same  final 
results  as  hydrolysis  with  boiling  acids  and  bases,  for  in  this 
gentle  method  of  attack  there  is  not  the  least  reason  for  assum- 
ing secondary  transformations. 

"  Fischer  and  Aberhalden,  Zeitschr.  fiir  physiologische  Chemie,  vol. 
46,  p.  52. 
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Admitting  that  the  amino-acids  are  to  be  regarded  as  pre- 
fonned  in  the  proteins,  what  is  the  evidence  that  they  are  linked 
in  the  same  manner  as  in  the  artificial  polypeptides?  We  have 
remarked  that  ferments  are  extraordinarily  specific  in  their  action 
and  that  slight  differences  of  configuration  suffice  to  prevent  the 
attack.  The  fact  that  polypeptides  are  hydrolyzed  to  amino-acids 
by  the  same  ferments  which  produce  the  same  effect  on  the  pro- 
teins is  a  convincing  proof  of  the  close  kinship  of  the  two  classes 
of  substances. 

When  a  dog  is  fed  with  polypeptides,  or  when  they  are  given 
subcutaneously,  the  same  products  are  obtained  as  upon  admin- 
istration of  albumin. 

Finally,  polypeptides  have  been  found  among  the  products 
of  the  partial  hydrolysis  of  the  proteins  in  a  number  of  cases. 
Thus  the  proof  that  in  albumin  the  amino-acids  are  coupled  by 
an  amide  linkage  is  complete.  W^hile  this  is  certainly  the  chief 
mode  of  connection  there  is  no  evidence  that  it  is  the  only  one. 
Fischer  believes  that  the  proteins  contain  piperazine  rings.  It 
is  not  probable  that  the  hydroxyl  groups  of  the  oxy-amino-acids 
are  indifferent.  They  may  combine  with  each  other  with  elimina- 
tion of  water  after  the  manner  of  an  ether;  they  may  be  estrified 
by  the  carboxyl  groups  in  the  same  molecule  and  so  on.  Since 
the  lack  of  experimental  evidence  is  almost  complete,  speculations 
of  this  sort  are  unprofitable  at  present.  But  it  is  clear  that  the 
theory  will  be  able  to  explain  without  difficulty  the  great  number 
of  the  natural  proteins  and  their  delicate  gradations  of  behavior. 

8.    CONCLUSION. 

The  way  is  now  open  for  the  successful  attack  of  those  com- 
plex mixtures  which  the  physiologists  refer  to  as  albumoses, 
proteoses,  peptones  and  so  on.  We  have  seen  that  there  is  no 
reason  to  believe  that  a  single  one  of  these  materials  is  really 
a  chemical  individual.  They  will  now  be  worked  up  by  the 
chemist  in  the  effort  to  prepare  pure  substances  from  them.  The 
knowledge  now  at  hand  of  the  properties  of  the  polypeptides 
which  we  may  expect  to  find  in  these  mixtures  will  be  of  great 
assistance.  Then  the  compounds  obtained  will  be  compared  with 
the  synthetic  products  and  identified.  The  result  will  be  to  clear 
up  the  nature  of  the  digestive  processes  on  the  one  hand  and  the 
structure  of  the  original  protein  on  the  other. 
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So  that,  while  the  proteins  have  not  been  made  artificially, 
their  riddle  is  to  all  interests  and  purposes  solved.  We  know 
their  constituents  and  are  fairly  sure  of  the  mode  of  connection, 
and  great  progress  both  in  chemistry  and  biology  may  be  con- 
fidently anticipated  from  the  knowledge.  Xot  all  of  this  great 
result  is  due  to  Emil  Fischer.  Curtius  and  Kossel  have  made 
contributions  of  the  utmost  importance,  and,  among  Fischer's 
co-workers,  Emil  Aberhalden's  name  will  be  associated  with  that 
of  the  master.  But  the  polypeptide  syntheses  proper  are  Fischer's 
own.  The  highest  praise  we  can  give  the  work  is  to  say  that 
it  is  worthy  to  be  placed  beside  his  researches  on  the  sugars  and 
those  on  the  purine  nucleus.  Taken  together,  the  three  give  him 
an  unquestionable  right  to  be  regarded  as  the  first  synthetic 
organic  chemist  of  the  present  time. 


ELECTRIC  FURNACES  IN  GERMANY. 

Hitherto  electric  furnaces  in  Germany  have  been  used  chiefly  for  the 
treatment  of  small  quantities,  but  now  the  leading  works  are  beginning  to 
employ  them  on  an  extensive  scale  for  handling  large  quantities  of  metal. 
At  the  close  of  1907  one  of  the  most  important  steel  works  in  the  Empire 
engaged  in  the  production  of  cast  steel  for  gears,  as  well  as  of  the  softer  varie- 
ties of  malleable  cast  steel  for  automobile  construction  and  for  minor  machine 
parts,  decided  to  replace  its  battery  of  crucible  furnaces  by  a  large  electric 
fusion  furnace.  The  main  cause  for  the  change  was  the  desire  to  materially 
lessen  the  cost  of  fusion,  while  not  lowering  the  quality  of  the  steel,  but,  on 
the  contrary,  improving  it,  if  possible. 

The  old  equipment  consisted  of  32  furnaces,  each  containing  6  crucibles 
with  a  capacity  of  77  pounds.  They  are  replaced  by  a  single  electric  furnace 
of  250  horsepower,  capable  of  holding  a  charge  of  a  metric  ton  (2,205  pounds). 
A  duplicate  furnace  is  likewise  installed  and  kept  as  a  reserve  for  emergencies. 

Electricity  is  supplied  from  the  large  works  of  a  company  near  Cologne, 
which  furnishes  a  three-phase  current  of  5,200  volts  to  quite  a  large  terri- 
tory near  the  Rhine  for  both  power  and  illumination.  Alterations  in  the 
current  intensity  are  so  slight  that  connection  is  made  directly,  without  the 
interposition  of  a  regulator,  between  the  furnace  and  the  transforming  station. 
At  the  latter  a  three-phase  rotatory  current,  reduced  to  a  tension  of  iio  volts, 
is  supplied. 

PRODUCTION    OF    CAST    STEEL. 

The  production  of  cast  steel  in  this  furnace  has  been  carried  on  since 
the  beginning  of  1908  without  interruption,  and  with  such  a  degree  of  success 
that  the  results  are  well  worthy  the  attention  of  American  steel  manufacturers. 
Details  of  the  cost  and  process  generally  are  herewith  reproduced  in  some 
fulness,  on  account  of  the  far-reaching  importance  of  this  revolution  in  the 
central  feature  of  one  of  the  leading  industries  of  the  United  States. 

The  main  product  of  the  furnace  has  been  cast  steel,  containing  about  .06 
per  cent,  phosphorus,  .03  per  cent,  sulphur,  and  from  .08  to  .18  per  cent, 
carbon.  Occasionally  charges  of  tool  steel  have  been  cast,  containing  from  .7 
to  1.3  per  cent,  of  carbon,  with  and  without  the  addition  of  nickel,  chromium, 
or  tungsten.  The  material  employed  is  ordinarily  slugs,  cuttings,  turnings, 
and  other  waste  of  wrought  iron,  costing  from  $14.28  to  $15-47  per  metric  ton 
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(2,205  pounds)  $12.96  to  $14.04  per  short  ton.  A  fusion,  including  the  refining, 
lasts  about  five  hours  and  involves  a  consumption  of  about  900  kilowatt 
hours  for  i  metric  ton  of  cast  steel.  The  entire  charge  of  one  ton  is  poured 
It  once.  When  the  furnace  is  kept  in  continual  use  the  magnesite  lining  lasts 
for  about  70  operations,  i.  e.,  twenty  to  twenty-five  days.  A  stoppage  of  five 
days  is  required  for  each  renewal,  but  during  this  period  the  reserve  furnace 
is  employed. 

The  cost  of  the  electric  current  is  exceedingly  low,  on  account  of  the 
large  amounts  consumed.  It  amounts  to  4^  pfennigs  (1.071  cents)  per  kilo- 
watt hour,  so  that  the  expense  for  a  single  operation  is  about  40  marks  or 
$8.64  per  short  ton. 

The  total  cost  of  cast  steel,  thus  produced,  per  metric  ton,  is  as  follows : 

For — Cost. 

Amortization  of  cost  of  plant $i.ig 

Raw  materials,  including  additions,  chromium,  etc 16.66 

Electric  current,  including  heating  during  intervals 10.71 

Renewal  of  magnesite  lining 2.85 

Labor    2.38 

Electrodes    .60 

Water  for  cooling  purposes  .12 

Total    34-51 

This  amounts  to  $31.32  per  short  ton,  and  is  materially  less  than  the  cost 
of  crucible  steel. 

ADVANTAGES   OF   THE   ELECTRIC   PROCESS. 

The  manufacturing  firm  notes  in  addition  these  advantages  in  the  electric 
process,  as  compared  with  the  old  method:  (i)  Cheaper  raw  material  can 
be  employed  in  the  place  of  the  more  expensive  Swedish  iron  formerly 
required ;  (2)  in  fusing  quantities  of  a  ton  at  a  time  it  is  possible  to  produce 
homogeneous  masses  of  a  distinct,  well-defined  grade;  (3)  the  molten  steel 
leaves  the  furnace  at  a  much  higher  temperature  than  when  prepared  in 
crucibles,  is  therefore  in  a  more  liquid  condition,  and  is  easily  transferred 
to  ordinary  ladles,  preparatory  to  pouring  into  the  molds  of  small  castings. 

These  electric  furnaces  are  arranged  on  the  Stassano  system,  and  are 
supplied  in  all  sizes,  for  charges  varying  from  400  pounds  to  10  tons,  and 
are  adapted  for  the  fusion  of  metals  of  every  kind. 

The  furnace  for  cast  steel  is  constructed  of  iron  plates,  heavily  lined  with 
magnesite  bricks.  Carbon  electrodes  enter  by  three  openings  on  the  sides, 
and  are  so  adjusted  as  to  terminate  slightly  above  the  surface  of  the  molten 
metal,  whereby  the  heat  of  the  arc  is  absorbed  almost  entirely  by  the  contents 
of  the  furnace,  and  but  a  small  portion  is  radiated  upward  to  be  reflected 
from  the  concave  dome. 

MIXING   AND  FUSION — OTHER   USES. 

A  thorough  mixing  of  the  component  parts  of  a  charge  is  effected  by 
mounting  the  furnace  on  an  axis,  slightly  inclined  from  the  vertical.  A 
steady  revolution  about  this  axis  is  maintained  through  a  cogged  connection, 
with  a  dynamo  of  5  horsepower,  the  edge  of  the  furnace  resting  on  ball 
bearings.  This  rotation  causes  the  lower  layers  to  gradually  rise  to  the  top 
of  the  molten  mass,  and  brings  about  a  thoroughly  uniform  mixing.  The 
electrode  supports  are  inclosed  in  cylinders  and  surrounded  by  a  current  of 
cold  water.  These  supports  are  in  rigid  connection  with  hydraulic  cylinders, 
by  means  of  which  the  movements  of  the  electrodes  are  under  perfect  control. 

A  fusion  requires  ZV2  hours  to  be  complete;  a  further  period  of  i^ 
hours  is  requisite  for  the  removal  in  succession  of  phosphorus  and  sulphur, 
and  the   final   deoxidation   of  the   contents  of  the   furnace.     No   interruption 
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occurs  in  either  the  current  of  electricity,  or  in  the  supply  of  water  for 
cooling  the  electrode  supports,  while  the  furnace  is  in  rotation.  Special 
devices  have  been  provided  for  both  purposes. 

The  services  of  three  workmen  are  required  to  conduct  an  electrical 
furnace,  change  electrodes,  transport  the  raw  materials,  etc.  Furnaces  of  the 
type  in  question  are  now  being  introduced  in  Germany  for  the  treatment  of 
other  metals  and  alloys,  and  it  is  apparently  only  a  question  of  time  before 
the  crucible  processes  hitherto  in  such  general  use  will  be  completely  super- 
seded.— Consular  Report. 


GOVERNMENT  STUDIES  NAVAL  STORES  INDUSTRY. 

The  United  States  Government  has  for  the  past  five  months  been  making 
investigations  of  the  timber  supply  as  it  is  related  to  the  naval  stores  industry 
of  the  Southern  States.  A  special  appropriation  was  made  by  the  last 
Congress  to  carry  on  this  work.  For  some  time  those  interested  in  the 
turpentine  industry  have  felt  the  need  of  accurate  data  regarding  the  supply 
of  timber  still  available  for  the  production  of  turpentine.  The  degree  of 
injury  sustained  by  the  long-leaf  pine  during  the  process  of  bleeding  for 
resin  has  always  been  a  subject  of  contention  between  the  lumbermen  on 
the  one  hand  and  the  turpentine  operators  on  the  other,  and  a  special  effort 
was  made  to  ascertain  reliable  facts  bearing  upon  this  phase  of  the  investiga- 
tion. Statistics  of  production  are  also  in  process  of  compilation.  The 
present  methods  of  obtaining  resin  from  the  tree  and  especially  the  extent 
of  use  and  the  practicability  of  the  new  cup  system  of  collecting  gum  have 
come  under  careful  study.  In  order  that  the  best  possible  results  might  be 
obtained  all  parts  of  the  naval  stores  producing  region  were  visited ;  the  best 
informed  operators  were  interviewed  and  observations  were  made  in  regions 
of  varying  conditions.  The  data  collected  in  the  turpentine  investigation 
are  now  being  brought  together,  in  a  report  which  will  later  be  published. 
Some  of  the  points  brought  out  are  as  follows : 

The  new  cup  systems  of  gathering  the  gum,  whereby  the  injurious  hole 
or  "  box  "  cut  in  the  tree  to  catch  the  gum  has  been  replaced  by  a  cup  hung 
on  the  tree,  have  generally  proved  both  practical  and  profitable,  and  are 
everjrvvhere  gaining  in  favor. 

As  compared  with  the  old  and  exceedingly  injurious  "box"  system 
these  new  methods  unquestionably  lessen  the  injury  done  to  the  timber  and 
lengthen  the  average  life  of  the  tree  after  bleeding.  This  increase  in 
efficiency  is  due  to  the  fact  that  the  cup  systems  render  the  tree  less 
susceptible  to  damage  by  subsequent  fires. 

The  United  States  Forest  Service  men  who  made  the  investigation  found 
the  field  of  the  turpentine  operator  is  moving  westward.  As  the  available 
timber  in  the  older  sections  of  the  Eastern  States  becomes  exhausted  the 
operator  moves  farther  west  in  search  of  new  fields. 

Finally,  the  available  supply  of  turpentine  timber  in  the  United  States 
is  likely  to  be  exhausted  within  the  next  fifteen  j^ears  to  the  extent  that 
the  turpentine  industry  as  related  to  the  production  from  living  trees  will 
be  seriously  curtailed,  while  a  large  falling  off  of  production  will  probably 
occur  within  ten  years.  This  condition  will  be  a  surprise  to  many  who  have 
held  that  large  areas  of  fine  pine  timber  in  the  states  of  Mississippi,  Louisi- 
ana, and  Texas  will  come  under  production  and  thus  tend  to  offset  the  falling 
off  in  the  East.  It  has  been  found,  however,  that  the  conditions  differ  in 
these  states  as  the  timberlands  are  held  in  bodies  of  considerable  extent  by 
large  companies  who  will  not  allow  their  timber  to  be  bled.  Their  experi- 
ence in  turpentining  leads  them  to  the  view  that  the  damage  done  to  the 
timber  more  than  offsets  the  additional  revenue  and  has  caused  them  to 
become  antagonistic  to  any  advance  looking  toward  the  tapping  of  their 
timber.  For  this  reason  the  naval  stores  industry  will  probably  never  become 
the  factor  in  these  states  that  it  has  on  the  Atlantic  Coast. 
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INCREASE   IN   USE   OF  WOOD   PRESERVATIVES   INDICATES 
PROGRESS  IN  FOREST  CONSERVATION. 

An  increase  from  three  and  one-half  million  gallons  of  the  oil  of  coal 
tar,  or  creosote,  as  it  is  popularly  known,  imported  into  the  City  of  New 
York  in  1904,  to  an  amount  estimated  to  be  almost  twenty-five  million  gallons 
last  year,  is  one  of  the  indications  pointing  to  the  progress  of  the  nation- 
wide movement  for  the  conservation  of  forest  resources. 

It  is  creosote  which  the  government  and  scores  of  corporations  and 
private  wood  users  have  found  to  be  one  of  the  most  satisfactory  preserva- 
tives of  railroad  ties,  mine  props,  telephone  and  telegraph  poles,  fence  posts, 
and  for  timbers  used  for  other  commercial  purposes.  Lengthening  the  life 
of  timber  in  use  means  the  lessening  of  the  drain  on  the  country's  forests, 
and  what  is  more  important  to  the  average  business  man,  it  means  the  saving 
of  thousands  of  dollars  annually  spent  for  the  labor  of  the  frequent  renewals 
made  necessary  when  untreated  timber  is  used. 

Ten  years  ago  the  strongest  advocates  of  the  creosoting  method  of  pre- 
serving wood  could  scarcely  have  hoped  for  the  present  advanced  state  of 
this  industry.  Creosoting  is  becoming  the  acknowledged  standard  means  of 
increasing  the  life  of  timbers. 

Formerly  the  production  of  creosote,  from  both  coal  tar  and  wood  tar, 
far  exceeded  any  demand  for  wood  treating  purposes.  However,  the  number 
of  wood-preserving  plants  has  grown  so  rapidly  within  the  last  four  years 
that  this  country  is  not  now  able  to  supply  its  own  demand  for  coal  tar 
creosote. 

A  brief  study  of  the  importation  columns  of  the  trade  journals  shows 
the  effect  of  the  growth  of  the  wood  preservation  industry.  In  the  whole 
year  of  1904  the  New  York  imports  amounted  to  only  3,500,000  gallons.  By  the 
end  of  1907,  the  importation  had  increased  to  17,500,000  gallons,  while  for 
the  present  year  conservative  estimates  place  the  imported  coal  tar  creosote 
at  between  22  to  25  million  gallons. 

The  year  has  started  most  auspiciously;  during  a  five-weeks'  period  in 
December  and  January  the  importation  through  New  York  alone  was  15,000 
tons,  giving  a  weekly  average  of  3,000  tons  or  68,000  gallons.  It  is  significant 
that  during  this  same  period  the  importation  of  related  by-products  from 
coal  kept  pace  with  that  of  creosote.  Ammonium  carbonate,  chloride,  sulphate, 
and  "  sal  ammoniac  "  entered  to  the  amount  of  104,  227,  1260,  and  400  tons, 
respectively.  If  these  had  been  all  made  into  the  sulphate,  the  equivalent 
product  would  have  been  460  tons  per  week.  The  estimated  ratio  of  twenty 
pounds  of  sulphate  to  one  and  one-half  gallons  of  the  creosote  oil  would  make 
an  equivalent  production  of  69,000  gallons  of  creosote.  This  is  not  far  dif- 
ferent from  the  68,000  gallons  which  were  really  imported.  Since  these 
ammonia  products  and  creosote  are  being  imported  in  this  relation,  it  is 
plainly  evident  that  the  production  of  creosote  is  not  alone  deficient,  but 
also  coal  tar  products  in  general. 

The  production  of  creosote  in  this  country  will,  in  all  probability,  con- 
tinue to  be  far  less  than  the  consumption.  The  wood  preservation  industry 
has  been  in  its  infancy  only,  and  enormous  demands  may  be  expected  in  the 
future.  The  coke,  and  consequently  the  coal  tar  industries,  have  until  recently 
been  at  their  best,  but  even  at  their  best  the  supply  of  by-products  has  run 
short.  On  this  account,  we  should  turn  to  other  sources  to  supply  the  in- 
creasing demands  for  creosote  preservatives. 

A  great  help  may  be  eventually  afforded  by  the  increasing  use  of  wood 
tar  creosote  which  has  not  been  in  high  favor  in  the  past.  It  is  gratifying 
to  note  that  within  the  last  few  years  some  of  the  more  important  w^ood 
distillers  have  been  turning  into  a  profit  those  oils  and  tars  which  were 
formerly  run  to  waste.  The  demand  for  these  products  is  increasing,  and 
this  recovered  by-product  has  been  asserted  to  be  not  only  a  revenue  for  the 
producer  but  also  a  valuable  preservative  for  the  treatment  of  structural 
timber. 
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DEVELOP  THE  SUBMARINE! 

BY 

EDWIN  SWIFT  BALCH, 

Member  of  the  Institute. 

It  is  an  unfortunate  fact  that  certain  events  of  the  last  decade 
prove  that  it  is  still  necessary  for  nations  to  be  prepared  for 
war.  The  founding  of  the  International  Court  of  Arbitration 
at  the  Hague  in  1899  might  have  been  expected  to  be  the  begin- 
ning of  a  peaceful  era.  It  has  not  proved  so  as  much  as  was 
hoped.  Some  troublesome  incidents,  such  as  that  of  the  Dogger 
Bank,  were  settled  by  the  Court  at  the  Hague.  But  the  Boer 
war,  the  Boxer  troubles,  the  Russian  aggressions  in  Manchuria, 
the  German  aggressions  in  Morocco  and  Kiau-Chau,  the  Rus- 
sian-Japanese war,  and  the  tearing  up  of  Balkan  treaties  by 
Austria  all  show  that  wars  may  break  out  at  any  time,  and 
that  the  nations  of  the  world  have  not  yet  arrived  at  the  stage 
of  settling,  as  they  should,  all  differences  between  nations  by 
international  law,  diplomacy,  and  arbitration. 

Reasoning  from  these  same  events,  it  is  evident  that  nations 
must  be  ready,  if  the  worst  comes  to  the  worst,  to  fight.  China 
may  be  instanced  as  an  example  of  this  principle.  Ten  years 
ago,  the  European  papers  were  talking  constantly  about  the 
partitioning  of  China  and  about  the  respective  European  spheres 
of  influence.  Since  the  Japanese-Russian  war,  however, — that 
is,  since  the  Europeans  discovered  that  the  yellow  races  could 
fight, — all  that  sort  of  discussion  has  ceased.  The  Europeans 
have  stopped  sowing  the  wind  lest  they  should  reap  the  whirl- 
■wind.  Nevertheless  it  is  only  because  it  is  felt  that  aggression 
might  meet  with  a  stern  retribution,  that  the  desire  of  parti- 
tioning the  yellow  man's  goods  has  been  so  thoroughly  quenched. 
:  The  outcome  of  the  matter,  as  far  as  Americans  are  con- 
cerned, is  to  teach  us  that  we  must  be  prepared,  under  certain 
circumstances,  to  fight  for  our  rights,  or  else  possibly  to  be 
treated  wrongfully  by  other  nations.  If  such  an  unfortunate 
108 
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event  should  occur,  it  would  result  in  the  nature  of  things  that 
such  a  conflict  would  be  mainly  a  maritime  war,  and  it  is  there- 
fore imperative  for  the  United  States  to  keep  her  navy  ready 
for  an  emergency.  What  now  is  the  naval  problem  before  the 
United  States? 

The  answer  to  this  question  would  seem  to  be  partly  technical, 
partly  political.  It  must  be  regarded,  on  the  one  hand,  from  the 
point  of  view  of  the  man  who  handles  the  guns,  that  is,  the 
naval  officer;  and  on  the  other  from  the  standpoint  of  the  man 
who  furnishes  the  guns,  that  is,  the  taxpayer. 

To  consider  first  the  naval  officer's  view.  Naval  warfare 
to-day  may  be  roughly  divided  into  two  classes :  offensive  war- 
fare and  defensive  warfare.  The  consensus  of  opinion  among 
naval  strategists  is  that  if  war  is  to  be  made,  the  best  thing  to 
do  is  to  take  the  offensive  and  hit  the  opponent  hard :  and  the 
proper  tool  for  this  purpose  is  now  usually  claimed  to  be  the 
all-big-gun  battleship.  It  is,  in  fact,  generally  admitted  by  those 
who  know  best,  that  the  heavy  battleship  is  the  only  implement 
of  real  value  in  a  naval  engagement,  and  that  armored  cruisers, 
monitors,  scouts,  gunboats,  destroyers  and  torpedo  boats  will 
count  for  but  little  in  future  contests. 

Whilst  there  is  doubtless  truth  in  this  belief,  and  that  the 
best  way  to  keep  at  peace  may  be  to  be  prepared  to  strike  vigor- 
ously, there  is  the  other  factor  in  the  problem.  This  is  the 
taxpayer.  All  these  ugly  battleships  must  be  paid  for  at  the 
rate  of  about  ten  million  dollars  apiece,  with  the  certainty  that 
in  about  twenty  years  time  from  their  launching,  these  expensive 
masses  of  steel  will  have  become  obsolete  and  be  en  route  for 
the  scrap  heap. 

Is  it  entirely  sensible  for  Americans  to  spend  so  much  of 
our  pocket  money  in  preparations  for  offensive  warfare?  It 
is  necessary  to  spend  some.  For  several  of  the  nations  of  the 
world, — Germany,  England,  France,  Russia,  Japan, — are  at 
present  engaged  more  or  less — principally  more — in  a  frantic 
race  to  see  which  country  can  first  bankrupt  its  finances  by  build- 
ing battleships.  But  as  a  nation,  are  we  so  anxious  to  enter  on 
an  offensive  war?  Offensive  warfare  is  almost  synonymous 
with  a  warfare  of  conquest  or  aggression.  Benjamin  Franklin 
said  "  there  never  was  a  good  war,  nor  a  bad  peace."  Let  us 
stick  to  his  philosophy. 

The  naval  problem  before  the  United  States  seems  to  be  not 
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so  much  that  of  being  prepared  to  engage  in  an  offensive  war 
of  conquest,  as  to  be  ready,  in  case  any  foreign  nation  should 
want  to  attack  us,  to  put  up  such  a  defence  as  to  make  it  wish 
it  had  engaged  in  some  other  pastime.  What  this  country  needs 
is  the  householder's  revolver  against  the  burglar,  not  the  maga- 
zine rifle  of  the  road  agent.  In  other  words,  from  the  business- 
man's point  of  view,  what  the  United  States  ought  to  do  is  to 
insure  the  safety  of  its  coast  by  preparing  for  a  defensive  war. 

Is  the  United  States  getting  its  naval  defence  revolver  ready 
in  the  speediest  and  cheapest  manner?  An  answer  to  this  ques- 
tion is  given  incidentally  to  a  certain  extent  in  the  recent  book 
by  Commander  Murray  F.  Sueter,  R.N.,  entitled:  "The  Evolu- 
tion of  the  Submarine  Boat,  Mine,  and  Torpedo."  It  is  a 
dispassionate  and  temperate  presentation  of  facts  and  may  well 
be  recommended  to  the  attention  of  the  taxpayers,  the  Congress, 
and  the  Navy  of  the  United  States.  The  present  article  is  in 
nowise  a  review  of  Commander  Sueter's  book.  Any  one  inter- 
ested in  the  subject  can  read  that  for  himself.  It  is  rather  an 
attempt  to  draw  conclusions  from  the  facts  presented  by  Com- 
mander Sueter,  especially  in  regard  to  how  those  facts  affect 
this  country. 

The  United  States  is  now  building  battleships  equal  to  those 
of  any  other  power.  Is  it  doing  as  well  in  submarines?  It  is 
worth  remembering,  in  this  connection,  that  a  good  many  mis- 
takes have  been  made  in  ships  for  the  present  navy,  and  that 
much  money  has  been  wasted  on  ships  which  were  practically 
obsolete  when  laid  down.  Some  navy  officers  themselves  admit 
that  this  was  the  case  with  the  four  monitors  of  the  "  Arkansas  " 
class,  the  six  cruisers  of  the  "  Denver  "  class,  the  three  cruisers 
of  the  "  Charleston "  class,  and  the  two  battleships  of  the 
"  Idaho  "  class.  Possibly  other  mistakes  may  be  made,  which 
must  be  atoned  for  in  hard  cash. 

Naval  tactics  to-day  reduce  themselves  to  two :  smashing 
your  adversary  with  a  shell,  or  blowing  him  up  with  a  torpedo. 
If  you  are  going  to  use  a  big  gun,  you  are  forced  to  have  a  big 
ship  on  which  to  place  it,  and  you  are  driven  to  the  ten  million 
dollar  battleship.  But  if  you  are  going  to  depend  on  the  tor- 
pedo, the  ideal  implement  from  which  to  launch  it  seems  to  be 
the  submarine.  Submarines,  in  fact,  have  already  developed  to 
such  a  stage  that  they  must  be  looked  on  as  one  of  the  main 
factors  in  future  naval  wars. 
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It  seems  as  if  it  were  hardly  realized  as  yet  what  an  unpleas- 
ant implement  a  hostile  submarine  is.  The  latest  torpedos  are 
effective  up  to  4000  yards,  and  at  a  distance  where  a  submarine 
is  dangerous,  it  is  practically  impossible  for  the  best  look-out 
men  to  detect,  even  in  daylight,  the  little  bit  of  an  instrument, 
the  head  of  the  omniscope,  which  is  all  the  submarine  shows 
above  water. 

What  submarines  can  do  was  shown  during  the  Italian  naval 
manceuvres  in  August,  1908.  Four  submarines,  the  "  Glauco," 
"'  Narvalo,"  "  Otaria,"  and  "  Squalo,"  unassisted,  ran  from 
Venice  to  Spezia,  nearly  1300  nautical  miles,  without  mishap. 
Of  course,  they  could  get  supplies  and  fuel  on  the  way.  They 
then  took  part  in  the  concluding  operations  between  the  com- 
bined fleets.  One  of  the  submarines,  the  "  Glauco,"  in  broad 
daylight,  ran  up  to  within  striking  distance  of  one  of  the  battle- 
ships, the  "  Saint  Ban,''  despite  the  vigilance  of  picket  boats  and 
the  watch  aboard  the  big  ship,  and  torpedoed  her  twice,  with 
collapsible  head  torpedos,  before  rising  to  the  surface  and  reveal- 
ing her  position.  In  real  war  she  would  undoubtedly  have  sent 
ten  millions  of  dollars  of  battleship  to  the  bottom.  The  Italians 
have  arrived  at  these  results  by  unremitting  experiments  for 
several  years  with  one  submarine,  the  "  Delfino,"  of  which  the 
other  Italian  submarines  are  only  improved  copies.^ 

Nevertheless,  on  account  of  the  small  radius  of  action  pos- 
sessed by  submarines  so  far,  they  must  for  the  present  be  looked 
on  as  chiefly  important  for  defensive  warfare,  for  the  defence 
of  coasts  and  harbors.  For  this  purpose  they  seem  by  long  odds 
the  most  dangerous  weapon  yet  developed.  Torpedo  boats  and 
destroyers  are  obsolete  in  comparison;  for  these  cannot  possibly 
attack  in  broad  daylight ;  even  at  night,  owing  to  sparks  from 
the  funnels  and  the  bow  wave  when  running  at  speed,  they  are 
liable  to  detection;  and  they  are  so  delicate  that  one  shell  from 
a  big  rapid  fire  gun  will  probably  put  them  out  of  commission. 
A  submarine,  on  the  other  hand,  is  almost  impossible  to  detect, 
and  is  protected  against  gunshot  by  the  water  above  her.  What 
the  submarine  may  evolve  into,  as  a  weapon  of  offence,  no  one, 
of  course,  can  foretell. 

A  fleet  of  submarines  in  sufficient  numbers,  owned  by  any 
country,  would  make  it  impossible  for  any  fleet  of  hostile  battle- 

^  Robert  G.  Skerrett :  United  States  Naval  Institute  Proceedings,  March. 
1909,  p.  328. 


112  Edwin  Swift  Balch. 

ships  to  come  near  that  country's  coast.  No  commander  would 
venture  to  take  the  risk.  In  the  case  of  the  United  States,  a 
sufficiently  numerous  submarine  fleet  would  free  the  battleship 
fleet  from  having  to  protect  the  coast,  and  this  could  therefore 
be  used,  if  necessary,  for  offensive  warfare.  During  the  Spanish 
war,  the  United  States  fleet  was  hampered  in  its  movements  to 
some  extent  by  the  natural  outcry  from  the  coast  cities  for 
protection.  This  would  happen  again  in  any  future  war,  unless 
it  was  known  that  there  was  some  other  means  of  protection. 

Another  fact  of  the  greatest  importance  is  the  relative  cheap- 
ness of  submarines.  Large  ones  can  probably  be  built  at  present 
for  less  than  one  million  dollars  apiece;  that  is,  ten  of  them 
could  be  built  for  less  than  the  price  of  one  battleship:  and  a 
hundred  of  them  would  practically  guarantee  the  coast  of  the 
United  States  against  aggression,  which  ten  battleships  would 
certainly  not. 

Let  us  consider  for  a  moment  what  the  two  nations,  France 
and  Great  Britain,  who  are  most  advanced  in  submarine  navi- 
gation, are  doing.  They  are  experimenting  steadily,  which  is 
synonymous  with  saying  that  both  these  nations  are  on  the  right 
track  to  improve  their  submarine  fleet. 

France  began  constructing  submarines  as  far  back  as  1886. 
The  first  was  of  30  tons.  Only  a  few  were  built  up  to  1900. 
Many  experiments  were  made,  however,  and  two  types  devel- 
oped. One  kind,  the  sousmarins,  are  small,  with  little  reserve 
buoyancy.  The  other,  the  submersibles,  are  big,  with  a  good 
deal  of  reserve  buoyancy.  A  number  of  both  kinds  have  been 
built,  some  experts  favoring  one  kind,  others  the  other.  Com- 
parative trials,  however,  finally  showed  that  the  large  submersible 
was  superior  to  the  sousmarin,  for  all  practical  sea-going  work. 
In  1906,  France  built  a  number  of  submersibles  of  398  tons, 
167.72  feet  long,  with  tAvin  screws.  She  is  now  apparently 
building  submersibles  of  800  tons  displacement,  227  feet  long, 
surface  speed  15  knots,  submerged  speed  10  knots,  and  radius 
of  action  2500  miles  without  taking  in  fresh  fuel.  She  has  now 
about  a  hundred  sousmarins  and  submersibles  in  commission  and 
a  large  force  of  men  thoroughly  trained  in  their  handling.  The 
evolution  of  the  submarine  has  proceeded  apace  among  the 
French  and  it  is  questionable  whether  any  hostile  navy  would 
dare  to  approach  any  part  of  the  coast  of  France. 
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Great  Britain  started  her  submarine  flotilla  in  1901.  She 
made  a  contract  with  the  American  Holland  Boat  Company, 
and  this  company  built  five  submarines  in  England  for  the  British 
government.  After  experimenting  with  these,  Great  Britain 
began  building  her  own  submarines,  which  are  improvements 
on  the  original  Holland  type.  In  1902-1904,  she  built  thirteen 
of  A  type,  in  1903-1905,  eleven  of  B  type,  in  1905-1907, 
eighteen  of  C  type,  in  1 906-1 908,  thirteen  of  D  type.  Each  of 
these  types  embodies  the  improvements  suggested  by  practical 
work  with  the  preceding  type.  Type  B,  for  instance,  has  a 
raised  bow  for  surface  running.  Type  C  has  two  periscopes 
and  twin  screws.  This  type  is  150  feet  long,  has  a  diameter  of 
1334  feet,  a  displacement  of  300  tons,  speed  on  surface  of  14 
knots,  speed  submerged  of  10  knots.  Type  D  has  larger  dis- 
placement, better  form  for  surface  and  submerged  work,  greater 
horse-power,  more  speed,  certain  improvements  in  the  electric 
accumulator  battery,  and  probably  a  more  efficient  torpedo  arma- 
ment. Great  Britain,  in  fact,  is  evolving  slowly,  surely  and 
steadily  her  submarine  vessels,  of  which  she  has  already  a  fleet 
numbering  sixty.  Despite  all  English  talk  and  alarms,  there- 
fore, the  British  coast  is  one  from  which  any  hostile  fleet  would 
keep  away. 

Is  the  United  States  doing  as  well  as  France  and  England? 
Judging  from  Commander  Sueter's  statements,  it  is  not.  It 
may  be  our  submarines  are  as  good  as  any,  but  it  is  difficult  to 
compare  the  submarines  of  various  countries,  because  much 
secrecy  is  maintained  in  the  matter.  But  apparently  we  are 
developing  submarines,  not  by  a  gradual,  logical,  continuous 
process  of  evolution,  but  rather  in  a  series  of  jumps,  building 
a  few  now  and  then.  Moreover,  we  have  not  half  as  many  as 
we  ought  to  have  by  this  time.  According  to  Mr.  Robert  G. 
Skerrett,^  the  United  States  have  only  nineteen  submarines  and 
one  submersible,  although  eight  more  have  recently  been  author- 
ized. It  may  be  suggested  here  incidentallv  that  it  would  be  a 
pity  to  adopt  the  French  term  submersible,  because  it  is  mean- 
ingless in  English,  and  will  also  soon  become  corrupted  into 
"  sub-mur-sey-bel." 

If  Commander  Sueter  is  correct,  the  United  States  is  also 
not  trying  sufficiently  every  invention  offered  to  it  in  connection 

^  United  States  Naval  Institute  Proceedings,  March,  1909,  p.  329. 
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with  submarines.  Commander  Sneter  states  that  about  1903, 
a  submarine,  the  "  Protector,"  was  offered  to  the  United  States 
government.  The  Board  of  Officers  who  carried  out  experi- 
ments with  her  reported  favorably :  that  she  would  be  a  valuable 
auxiliary  to  fixed  mine  defences,  as  a  picket  boat,  to  locate  and 
pick  up  cables,  as  the  best  means  of  attacking  mine  fields.  The 
Board  recommended  the  purchase  of  five  of  these  boats.  Instead 
of  doing  this  and  proceeding  to  experiment  with  and  develop  this 
powerful  weapon  of  defence,  nothing  was  done.  It  is  clear, 
however,  that  this  was  not  the  fault  of  the  naval  officers.  The 
"  Protector  "  was  afterwards  sold  to  Russia,  which  proceeded 
to  do  what  the  United  States  was  too  short-sighted  to  attempt. 

Yet  the  "  Protector "  has  several  features  which  appeal 
strongly  to  an  expert  submarinist  like  Commander  Sueter.  One 
is  a  drop  keel  5  tons  in  weight.  Another  is  a  diving  compart- 
ment, through  which  the  crew  can  escape  if  the  submarine  should 
go  to  the  bottom  and  be  unable  to  rise.  A  third  is  an  even  keel 
method  of  submergence  instead  of  a  dynamical  dive.  Com- 
mander Sueter  says  that  he  is  certain  that  these  features  will  be 
embodied  by  most  nations  in  the  construction  of  future  boats, 
and  at  another  place  he  says  that  the  Japanese  are  building  sub- 
marines which  are  a  combination  of  the  latest  American  types. 

To  the  American  citizen  it  makes  no  difference  whatever 
what  system  of  submarine  is  developed  here.  What  he  needs 
is  protection,  a  suitable  naval  defence.  And  all  the  signs  point 
to  the  fact  that  under  present  conditions  the  proper  weapon  with 
which  to  protect  our  coasts  is  the  torpedo,  launched  from  a  sub- 
marine. The  time  may  come  when  submarines  will  have  to 
give  way  to  some  other  implement :  air  ships  perhaps.  But  that 
is  another  story. 

What  it  would  seem  the  United  States  ought  to  do,  is  to 
follow  the  lead  of  France  and  Great  Britain  and  proceed  to 
develop  the  submarine  systematically.  To  do  so,  the  govern- 
ment should  try  everything  and  encourage  inventors.  A  few, 
perhaps  four  or  five,  submarines  should  be  built  each  year.  These 
should  be  placed  in  commission  immediately  on  completion  and 
experimented  with  continuously.  Some  improvements  would 
pretty  surely  suggest  themselves  with  each  set  to  the  officers  in 
charge  of  them.  These  improvements  should  be  embodied  in 
the  next  set.     We  should  develop,  as  the  French  have  done,  a 
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special  corps  of  officers  and  men  trained  to  submarine  work. 
This  corps  should  receive  extra  high  pay,  for  working  in  a 
submarine,  a  steel  tube  filled  with  machinery,  where  one  is 
senii-asphyxiated,  is  not  agreeable,  as  anyone  who  will  go  aboard 
one  for  a  short  time  will  soon  find  out.  It  is  impossible  to  fore- 
tell what  a  few  years  of  steady  experimenting  would  accomplish 
in  the  submarines  themselves,  but  certain  it  is  that  the  United 
States  would  thereby  develop  a  powerful  and  relatively  inex- 
pensive weapon  of  defence. 


ORES   AND   MINERALS   OF   THE    SOUTHERN   APPALACHIAN 

REGION. 

REPORT  BY  THE  GEOLOGICAL   SURVEY. 

The  present  effort  to  establish  a  great  national  forest  in  the  Appalachian 
Mountains  has  again  drawn  attention  to  the  government  report  on  the  gold 
and  tin  deposits  of  the  southern  part  of  the  region  by  L.  C.  Graton  and 
Waldemar  Lindgren,  which  was  published  by  the  United  States  Geological 
Survey  as  Bulletin  293. 

Mining  in  this  general  region  dates  back  to  the  beginning  of  the  history 
of  America,  for  the  early  Spanish  and  English  records  contain  accounts  of 
the  discovery  and  recovery  of  metals.  The  principal  mineral  resource  is 
gold.  When  the  early  Spanish  explorers  came  to  America,  they  were  shown 
by  the  Indians  rich  nuggets  and  ornaments  of  gold  from  the  southern 
Appalachian  region,  some  of  which  is  supposed  to  have  come  from  the  area 
covered  by  this  report.  The  Spaniards  mined  gold  in  Georgia  in  the  seven- 
teenth century.  From  1825  to  the  present  time  production  has  been  contin- 
uous. Unfortunately,  no  reliable  statistics  of  the  production  are  to  be  had, 
but  to  judge  from  all  available  data  it  seems  probable  that  the  total  value 
of  the  gold  mined  has  been  about  $10,000,000.  A  considerable  but  unknown 
proportion  of  this  amount  has  been  derived  from  placer  deposits,  but  much 
the  larger  part  has  been  won  by  hard-rock  mining.  Iron  has  been  mined 
in  the  southern  Appalachians,  and  within  recent  years  the  monazite  industry 
has  attained  some  importance  in  the  Carolinas.  Copper,  lead,  manganese, 
pyrite,  mica,  barite,  corundum,  clay,  limestone,  and  granite  have  also  been 
found  and  worked.     Besides  these  minerals  tin  ores  occur  in  this  region. 

need  of  finding  tin  ores. 

The  world's  use  of  tin  is  steadily  increasing  and  the  demand  for  it  is 
constantly  growing.  New  deposits  are  discovered  from  tim.e  to  time,  and 
certain  districts  already  known  are  increasing  their  output,  but  the  produc- 
tion of  some  of  the  important  tin-mining  regions  of  the  world  is  declining 
and  that  of  others  can  not  long  be  maintained.  The  reserve  stocks  held 
in  various  parts  of  the  world  are  accordingly  being  greatly  depleted  and  the 
price   of  tin   is   gradually  becoming  higher. 

For  these  reasons  the  discovery  of  new  deposits  of  tin  ore  is  of  great 
interest  to  mining  men  and  to  many  who  are  connected  with  the  metal  indus- 
try, as  well  as  to  investors.  ,  The  United  States  consumes  over  40  per  cent, 
of  the  world's  output  of  tin,  but  contributes  an  inappreciable  amount,  so  that 
any  information  regarding  deposits  of  tin  ore  in  this  country  is  of  fspecial 
interest.  The  southern  Appalachian  region  has  not  yet  afforded  tin  ores  in 
commercial  quantities,  but  shows  promise  of  containing  them. 


ANALYSIS  OF  SOME  FAIRMOUNT  PARK  WATERS.* 

BY 

MARTHA  TRACY,  B.A.,  M.D. 

!^N  determining  the  limits  of  Fairmount  Park  the  authorities 
had  in  mind  the  prevention  as  far  as  possible  of  the  pollution  of 
the  Schuylkill  River.  It  was  not  possible  to  take  land  outside 
the  bounds  of  Philadelphia  County,  nor  to  control  the  whole  of 
the  Schuylkill  watershed  within  the  county,  but  the  commission- 
ers were  able  to  include  several  streams  from  source  to  outlet, 
and,  as  a  result,  within  the  territory  are  many  springs  and  wells 
almost  all  of  which  probably  derive  their  water  principally  from 
the  subsoil  at  moderate  depth.  These  sources  have  considerable 
sanitary  importance,  for  not  only  are  the  springs  used  by  fre- 
quenters of  the  park,  but  those  near  the  park  borders  are  resorted 
to  very  largely  for  the  household  supply  of  neighboring  residents. 

Notwithstanding  these  facts,  but  little  information  is  avail- 
able as  to  the  composition  of  the  water  of  the  important  sources. 
About  fifteen  years  ago  (Journal  of  the  Franklin  Insti- 
tute, 1894,  137,  190)  Mr.  Reuben  Haines  published  a  state- 
ment of  detemiinations  of  chlorine  and  nitrates  in  the  waters 
of  many  of  the  springs,  with  general  allusions  to  some  other 
data,  and  remarks  on  the  sanitary  significance  of  the  figures. 
It  seemed  of  interest,  however,  to  make  a  somewhat  more  com- 
plete analysis  of  the  waters  of  some  much-used  springs. 

The  investigations  presented  herewith  have  been  made  during 
the  past  two  months.  The  samples  were  collected  with  the  usual 
precautions  and  the  tests  made  as  promptly  as  possible.  The 
processes  used  were  substantially  the  same  as  those  in  general 
use  among  American  analysts,  as  set  forth  in  the  sixth  edition  of 
Leffmann's  "  Analysis  of  Water."  The  figures  unless  otherwise 
stated,  are  in  parts  per  million .  Quantitative  determinations  of 
the  usual  mineral  ingredients  were  not  made,  but  qualitative  tests 
for  calcium  and  sulphates  were  applied  and  the  results  are 
recorded  in  terms  approximately  descriptive. 

♦Contribution  from   the  Chemical  Laboratory  of   the  Woman's  Medical 
College  of  Pennsylvania. 
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With  the  exception  of  No.  i  all  the  waters  were  clear,  odor- 
less and  tasteless.  No.  i  was  nearly  colorless  as  delivered  from 
the  pump,  but  within  half  an  hour  became  turbid  and  rapidly 
threw  down  a  reddish  precipitate  found  to  be  ferric  hydroxide. 
The  alkalinity  of  this  when  fresh,  as  noted  in  the  table,  was 
equivalent  to  16.8  c.c.  of  N/io  acid  per  litre,  but  after  blowing 
air  through  the  water  and  thus  precipitating  the  iron  the  alka- 


Location  of  springs. 

linity  observed  was  6.0  c.c.  of  N/io  acid.  Though  this  water 
is  free  from  ordinary  contamination,  the  amount  of  iron  present 
renders  it  unsuitable  for  drinking  purposes.      (See  Table.) 

The  total  solids  are  somewhat  high  in  all  the  samples,  but  not 
above  amounts  frequently  noted  in  hard  waters. 

From  a  sanitary  point  of  view,  however,  the  chlorine  content 
of  Nos.  2,  3,  and  7,  is  especially  to  be  noted.  For  subsoil  waters 
such  as  these  the  upper  limit  of  chlorine  content  in  uncontami- 
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nated  waters  is  usually  placed  at  about  12  parts  per  million. 
The  figures  24.0,  23.0,  and  33.0,  are,  therefore,  sufficiently  high 
to  arouse  suspicion  of  contamination.  These  three  springs  are 
in  close  proximity  to  buildings  and  picnic  grounds  frequented 
continually  by  large  numbers  of  people  and  the  opportunity  for 
contamination  is  obvious. 

The  nitrogen  content  of  any  of  the  waters  is  not  unusually 
high.  The  alkalinity  of  all  is  slightly  below  that  of  the  water  of 
Schuylkill  River.  No.  4,  the  spring  in  Belmont  Glen,  is  to  be 
condemned  if  for  no  other  reason,  because  of  the  collection  of 
water  in  an  open  basin  thus  exposed  to  contamination  of  any 
sort.  Several  other  springs  of  the  park  not  here  reported  are 
open  to  the  same  criticism. 

The  results  of  these  analyses  suggest,  in  view  of  the  constant 
use  of  these  and  other  spring  waters  throughout  the  park  for 
drinking  purposes,  and  the  obvious  possibility  of  any  one  of 
them  becoming  at  any  time  temporarily  or  permanently  unfit 
for  such  use,  that  a  systematic  examination  of  these  waters 
should  be  made  from  time  to  time,  and  the  results  thereof  be 
made  accessible  to  the  public.  I  wish  to  express  my  appreciation 
of  the  assistance  of  Dr.  Henry  Leffmann,  at  whose  suggestion 
this  work  was  undertaken. 
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\.  Belmont  Glen  .... 
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7.  Strawberry  Mans.. 
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8.  Pump,     Columbia 

Ave.,  entrance. 
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75-0 

lO.O 

trace 

0.8 

0 

0.04 

2.4 

trace 
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Note — Figures   are  in  parts  per  million  except  in 
alkalinity,  which  is  in  number  of  c.c.  of  X/io  acid  per  litre. 
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WOOD   PRESERVATIVES  USED   IN    1908. 

More  than  56,000,000  gallons  of  creosote  and  nearly  19,000,000  pounds 
of  zinc  chloride  were  used  in  preserving  timber  in  the  United  States  last 
year.  Small  quantities  of  crude  oil,  corrosive  sublimate,  and  other  chemicals 
were  also  used. 

These  figures  are  based  upon  reports  to  the  United  States  Forest  Ser- 
vice of  forty-four  firms  which  operated  sixty-four  timber-treating  plants. 
Assuming  that  on  an  average  one  gallon  of  creosote,  or  one-third  of  a  pound 
of  zinc  chloride  will  protect  a  cubic  foot  of  timber  from  decay,  more  than 
100,000,000  cubic  feet  of  cross-ties,  piling,  poles,  mine,  and  other  timbers 
were  given  a  treatment  that  will  greatly  increase  their  life  and  usefulness. 

Never  since  timber  treating  began  on  a  commercial  scale  in  the  United 
States  has  the  domestic  supply  of  creosote  been  equal  to  the  needs  of  the 
industry.  With  the  rapid  development  of  wood  preservation  in  recent  years, 
the  insufficiency  of  the  home  production  of  creosote  has  become  more 
marked.  In  1908  almost  seven-tenths — to  be  exact,  6g  per  cent. — of  the 
creosote  used  by  the  treating  plants  was  imported,  and  but  31  per  cent,  was 
obtained  from  domestic  sources. 

Nearly  three-fourths  of  the  imported  creosote  comes  from  England 
and  Germany,  some  is  obtained  in  Nova  Scotia,  and  some  in  Scotland  and 
Holland.  The  domestic  creosote  used  by  the  treating  plants  was  obtained 
chiefly  in  New  York,  Philadelphia,  and  other  large  cities. 

Creosote  is  distilled  from  coal-tar,  a  by-product  in  the  manufacture  of 
illuminating  gas  and  coke  from  bituminous  coal.  Not  more  than  20  per 
cent,  of  the  coke  used  in  the  United  States  is  made  in  by-product  ovens. 
No  coal-tar  is  recovered  from  the  bee-hive  ovens  in  which  most  of  the  coke 
is  made;  consequently  the  total  production  of  coal-tar  is  far  less  than  it 
would  be  with  more  conservative  operations. 

Were  all  the  tar  produced  which  the  coal  annually  coked  in  the  United 
States  is  capable  of  yielding,  it  would  distil  as  much  creosote  as  is  now  used 
by  the  wood  preservers.  Unfortunately,  American  operators  do  not  even 
get  the  fullest  use  of  the  limited  quantity  of  coal-tar  made  in  this  country, 
for  it  does  not  pay  the  operators  to  distil  coal-tar  for  creosote  alone ;  so, 
unless  they  can  find  a  market  for  the  associated  products,  it  is  not  separated. 
Germany  has  gone  far  ahead  of  the  United  States  in  the  development  of 
coal-tar  products,  and  her  exports  of  them  to  this  country  are  steadily 
increasing. 

The  zinc  chloride  used  in  wood  preservation  is  all  obtained  from 
domestic  sources,  according  to  the  report.  Most  of  it  is  produced  by  a 
few  large  chemical  companies. 

Cross-ties  are  particularly  liable  to  decay,  since  they  are  used  under 
conditions  which  are  favorable  to  the  growth  of  the  wood-destroying  fungi. 
Consequently  the  railroads  have  always  taken  a  leading  part  in  timber 
presei^ation  in  the  United  States.  Twelve  of  the  forty-four  firms  which 
are  operating  timber-treating  plants  are  railroad  companies.  The  railroads 
also  have  many  ties  treated  by  commercial  timber-treating  plants. 

Statistics  upon  the  number  of  ties  treated  in  1908  have  not  yet  been 
compiled.  In  1907,  however,  according  to  Forest  Products  Bulletin  No.  8, 
of  the  Bureau  of  the  Census,  the  steam  railroads  of  the  United  States  used 
19,192,000  treated  ties,  of  which  11,217,000  ties  were  treated  at  their  own 
plants,  and  7,975,000  ties  were  treated  at  other  plants. 

The  electric  roads  used  664,000  treated  ties  in  the  same  year,  nearly 
two-thirds  of  which  were  purchased  already  treated.  The  majority  of  the 
treated  ties  used  by  the  steam  railroads  were  preserved  with  zinc  chloride, 
while  with  the  electric  roads  more  ties  were  treated  with  creosote  than  with 
any  other  one  preservative. 

Many  telephone  and  telegraph  poles  are  creosoted,  and  there  is  a  grow- 
ing use  of  treated  timber  by  the  most  progressive  mine  operators.  In  many 
harbors,  the  only  practical  method  of  protecting  piles  from  the  destructive 
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teredo  is  to  creosote  them  heavily.  One  of  the  most  recent  uses  of  creosoted 
wood  on  an  extensive  scale  is  for  rectangular  wooden  block  pavement.  New 
York,  Boston,  Baltimore,  Indianapolis,  Chicago,  and  other  large  cities  are 
using  large  quantities.  Creosoted  wooden  blocks  have  been  laid  in  front 
of  the  new  terminal  station  building  in  Washington. 


THE  SMOKE  NUISANCE. 

REPORT    BY    THE     UNITED     STATES     GEOLOGICAL     SURVEY. 

The  smoke  nuisance  in  cities  seems  to  be  not  only  a  burning  question 
but  a  question  of  burning — of  combustion.  A  bulletin  just  published  by  the 
United  States  Geological  Survey  (Bulletin  2>73)  on  "The  smokeless  com- 
bustion of  coal  in  boiler  plants,"  by  D.  T.  Randall  and  H.  W.  Weeks,  gives 
the  results  of  smoke  studies  carried  on  in  thirteen  large  cities  and  of  tests 
made  at  the  Government  fuel-testing  plants  at  St.  Louis  and  Norfolk.  A 
preliminary  report  on  the  same  subject  was  made  in  the  Survey's  Bulletin 
334,  "  The  burning  of  coal  without  smoke  in  boiler  plants,"  by  Mr.  Randall, 
the  edition  of  which  is  now  exhausted.  The  report  just  published  consists 
of  i86  pages  and  40  illustrations. 

The  conclusions  reached  may  be  summarized  as  follows : 

Smoke  prevention  is  possible.  There  are  many  types  of  furnaces  and 
stokers  that  are  operated  smokelessly. 

Any  one  kind  of  apparatus  is  effective  only  if  so  set  under  boilers  that 
the  principles  of  combustion  are  respected.  The  value  of  this  requirement 
to  the  average  purchaser  lies  in  the  fact  that  he  is  thus  reasonably  certain 
of  good  installation.  A  good  stoker  or  furnace  poorly  set  is  of  less  value 
than  a  poor  stoker  or  furnace  well  set.  Good  installation  of  furnace  equip- 
ment is  necessary  for  smoke  prevention. 

Stokers  or  furnaces  must  be  set  so  that  combustion  will  be  complete 
before  the  gases  strike  the  heating  surface  of  the  boiler.  When  partly 
burned  gases  at  a  temperature  of,  say  2500°  F.,  strike  the  tubes  of  a  boiler 
at  say,  350°  R,  combustion  is  necessarily  hindered  and  may  be  entirely 
arrested.  The  length  of  time  required  for  the  gases  to  pass  from  the  coal 
to  the  heating  surface  probably  averages  considerably  less  than  one  second, 
a  fact  which  shows  that  the  gases  jmd  air  must  be  intimately  mixed  when 
large  volumes  of  gas  are  distilled,  as  at  times  of  hand  firing,  or  the  gas 
must  be  distilled  uniformly,  as  in  a  mechanical  stoker.  By  adding  mixing 
structures  to  a  mechanical  stoker  equipment  both  the  amount  of  air  required 
for  combustion  and  the  distance  from  the  grates  to  the  heating  surface  may 
be  reduced  for  the  same  capacity  developed.  The  necessary  air  supply  can 
also  be  reduced  by  increasing  the  rate  of  combustion. 

No  one  type  of  stoker  is  equally  valuable  for  burning  all  kinds  of  coal. 
The  plant  which  has  an  equipment  properly  designed  to  burn  the  cheapest 
coal  available  will  evaporate  water  at  the  least  cost. 

Although  hand-fired  furnaces  can  be  operated  without  objectionable 
smoke,  the  fireman  is  so  variable  a  factor  that  the  ultimate  solution  of  the 
problem  depends  on  the  mechanical  stoker — in  other  words,  the  personal 
element  must  be  eliminated.  There  is  no  hand-fired  furnace  from  which, 
under  average  conditions,  as  good  results  can  be  obtained  as  from  many 
different  patterns  of  mechanical  stoker,  and  of  two  equipments  the  one  which 
will  require  the  less  attention  from  the  fireman  gives  the  better  results.  The 
most  economical  hand-fired  plants  are  those  that  approach  most  nearly  to 
the  continuous  feed  of  the  mechanical  stoker. 

The  small  plant  is  no  longer  dependent  on  hand-fired  furnaces,  as  certain 
types  of  mechanical  stokers  can  be  installed  under  a  guaranty  of  high 
economy,  with  reduction  of  labor  for  the  fireman. 

In  short,  smoke  prevention  is  both  possible  and  economical. 


NEWTON'S  LAW  AND  THE  CAUSE  OF  GRAVITATION. 

BY 

OWEN   ELY, 

St.  Paul,  Minn. 

Newton's  law  has  always  been  regarded  as  the  most  funda- 
mental doctrine  of  nature — as  it  were,  the  back-bone  of  science. 
So  well-grounded  on  a  basis  of  fact  has  it  seemed  that  little 
attempt  has  been  made  to  determine  whether  a  rigorous  demon- 
stration of  its  concepts  is  theoretically  possible,  or  whether  it 
includes  all  possible  factors  in  the  operation  of  gravitation.  Yet 
it  is  perhaps  true  that  through  respect  for  the  genius  of  Newton 
science  has  neglected  to  continue  the  work  which  he  began  and 
which  the  progress  in  physics  since  his  time  enables  us  to  test 
more  carefully  and  investigate  more  fully.  An  analysis  of  the 
law  in  the  light  of  recent  development  of  physical  knowledge  is, 
then,  essential  to  determine  what  corrections  or  omissions  may 
now  be  apparent  in  his  statement  of  the  one  universal  interaction 
of  matter. 

The  first  words,  "  every  particle  in  the  universe,"  indicate  an 
unlimited  application  of  the  law  which  can  never  be  proven  true. 
Robert  Ball  has  shown  that  there  is  a  reasonable  probability  of 
its  truth  from  the  facts  within  our  reach,  but  "  when  the  law  of 
gravitation  is  spoken  of  as  being  universal  we  are  using  language 
infinitely  more  general  than  the  facts  absolutely  warrant.  At 
the  present  moment  we  only  know  that  gravitation  exists  to  a 
veiy  small  extent  in  a  certain  indefinitely  small  portion  of 
space."  ^ 

The  words  "  attracts  every  other  particle  "  express  an  assump- 
tion which,  while  apparently  upheld  by  observation  and  facts,  is 
directly  contrary  to  the  law  of  conservation  of  energy.  We 
know  that  gravitation  is  a  force;  by  the  definition  of  the  latter,  for 
it  causes  changes  in  the  motion  of  bodies :  it  is  not  an  "  absolute  " 
or  "  inherent "  property  of  matter,  as  Newton  himself  recog- 
nized :  "  That  gravity  should  be  innate,  inherent,  and  essential  to 
matter     .     .     .     is  to  me  an  absurdity.     Gravity  must  be  caused 

^  Popular  Science  Monthly,  vol.  23,  p.  94. 
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by  an  agent  acting-  constantly  according  to  certain  laws."  We 
know,  then,  that  gravitation  is  the  space-rate  of  transferring 
energy  from  one  particle  to  another.  If  one  particle  attracts 
ever}^  other,  it  can  easily  be  seen  that  after  all  the  waves  of  force 
sent  out  by  it  have  met  and  acted  on  some  other  particles,  a  greater 
number  sharing  the  division  as  the  square  of  the  distance  in- 
creases, they  would  continue  beyond  the  sphere  of  these  particles 
and  influence  other  spheres  of  matter  without.  Thus  the  original 
amount  of  energy  sent  out  in  these  waves  would  be  wholly  trans- 
ferred to  other  particles  not  only  once  but  twice  or  a  million  times. 

In  the  case  of  an  infinite  universe  it  is  apparent,  as  the  writer 
has  shown,^  that  with  Newton's  gravitation  no  particles  could 
come  together  to  form  masses  because  of  the  infinitely  great 
attraction  on  all  sides  of  a  particle. 

To  understand  just  how  gravitation  is  transmitted  only  be- 
tween the  particles  of  matter  and  is  not  "  lost  "  within  a  short 
space  as  is  the  cohesive  attraction  of  the  molecules,  we  must  re- 
member that  matter  is  not  dense,  as  our  senses  would  tell  us — 
for  sense  impressions  are  only  the  transference  of  energy  received 
from  matter,  and  do  not  give  us  a  description  of  matter  itself. 
We  know  that  the  bulk  of  the  molecules  of  a  gas  occupies  only 
the  loooth  to  the  io,oooth  part  of  its  volume;  that  the  atoms 
are  loosely  grouped  within  the  space  known  as  the  molecule ; 
and  that  the  newly-discovered  electron  in  its  atom  is  "  like  a 
mouse  in  a  cathedral  " :  hence  we  may  liken  a  piece  of  matter  to 
a  universe,  composed  of  its  planets,  systems,  and  groups  of 
systems — and  better  comprehend  how  the  ether  wave  emanating 
from  a  particle,  like  the  light  from  a  sun,  would  travel  an  enor- 
mous distance  before  the  last  fraction  of  its  ever-widening  front 
would  be  obliterated  by  a  particle  lying  in  its  path. 

One  known  fact  concerning  the  ether  also  tends  to  corroborate 
this  conclusion :  the  earth  passes  through  the  ether  with  a  velocity 
of  many  miles  per  second  without  apparently  causing  any  motion 
of  the  latter,  and  hence  producing  little  displacement.  Con- 
versely, then,  waves  in  the  ether  could  pass  through  the  earth 
without  meeting  great  opposition. 

In  considering  the  action  of  other  ether  waves  passing 
through  matter, — the  opacity  of  matter  to  light,  for  example, — 
we  must  remember  that  such  waves  are  caused  by  molecules  as 

^  Popular  Astronomy,  vol.   i6,  p.  435. 
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units  and  affect  molecules.  Now  it  is  probable  that  neither  the 
molecule  nor  the  atom  is  the  gravitational  particle,  because  of  the 
varied  relations  between  the  molecules  and  the  atoms  of  different 
substances,  constituting  most  of  the  properties  of  different  mat- 
ter; but  the  electron,  apparently  alike  in  all  forms  of  matter,  is 
the  unit  best  adapted  to  be  the  gravitational  particle,  since  there 
could  be  but  one  interaction  between  electrons,  and  that  would 
be  common  to  all  matter.  It  is  possible,  also,  that  the  ratio  of  the 
gravitation  wave  to  the  light  wave  is  that  of  the  electron  to  the 
molecule ;  and  thus  the  latter  wave  would  traverse  a  distance 
inconsiderable  with  the  former's  before  destruction. 

Professor  Seeliger  has  demonstrated  mathematically  that 
Newton's  law  will  not  hold  for  a  homogeneous  distribution  of 
matter,  and  adduces  the  testimony  of  Carl  Neumann  who  "  cor- 
rectly designates  the  demonstrated  consequences  of  Newton's 
law  as  absurd  and  concludes  from  it  that  the  law  of  attraction 
leads  to  contradictions  in  the  case  of  an  homogeneous  distribution 
of  matter."  ^  Professor  Seeliger  further  proves  that  "  with  any 
conceivable  mode  of  mass-distribution  whatever  .  .  .  the  in- 
troduction of  arbitrarily  small,  though  finite  corrections  to  New- 
ton's law,  which  need  become  appreciable  only  when  vastly  ex- 
tended regions  of  space  are  considered,"  *  is  necessary  for  its 
validity.  Professor  Seeliger's  "  variation  "  may  be  considered 
identical  with  the  change  in  operation  of  Newton's  law  after 
the  introduction  of  the  new  factor  which  has  been  explained. 

But  aside  from  theory,  one  may  ask,  why  is  there  no  apparent 
or  measurable  variation  in  the  action  of  gravity  or  in  celestial 
phenomena  which  could  be  traced  to  this  factor  as  a  cause?  In 
regard  to  the  movements  of  stars  and  planets,  where  the  cumu- 
lative effects  of  the  "  variation  "  should  be  evident,  there  are 
indeed  many  "  little  discrepancies  between  observed  and  computed 
motions  "  which  have  led  Professor  Simon  Newcomb  to  accept 
as  "  provisionally  acceptable  and  more  unobjectionable  than 
others  that  have  been  proposed."  ^  the  hypothesis  that  the  attrac- 
tion differs  not  as  the  square  of  the  distance  but  in  a  manner  dif- 
fering slightly  from  the  square.  Now  it  is  evident  that  this 
hypothesis,  if  true,  is  explainable  only  in  that  the  ether  absorbs 

'  Popular  Astronomy,  vol.  5,  p.  474. 

*  Idem,  p.  546. 

'  1895  Memoir,  "  The  elements  of  the  four  inner  planets,"  etc. 
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some  of  the  gravitational  energ}'  (in  which  case  how  can  it  be 
inert  and  transmit  light  waves  so  perfectly?)  or  that  gravitation- 
waves  meet  an  obstruction  in  space,  which  would  be  matter. 

Another  answer  to  the  question  is  that  we  do  not  actually 
know  what  weight  is.  For  weight  is  supposed  to  be  exactly 
proportional  to  mass,  while  we  know  no  means  of  measuring 
mass  but  in  terms  of  weight :  we  measure  amount  of  cause  in 
terms  of  amount  of  effect  and  have  no  proof  that  the  former  is 
equal  to  the  latter.  Hence,  we  cannot  assert  that  there  is  proof 
against  the  contention  that  ever\'  particle  in  the  earth  attracts 
only  those  other  particles  between  which  and  itself  there  is  no 
intervening  particle. 

This  idea  that  weight  may  not,  after  all,  be  perfectly  propor- 
tional to  mass,  suggests  another  possibility  which  Newton's  law 
neglects.  This  is  that  another  factor  may  enter  to  a  small  extent 
into  the  determination  of  weight— the  kinetic  energy  of  the  par- 
ticle. This  has  already  been  suggested  by  several  writers :  "  All 
bodies  are  continually  sending  waves  out  into  space  and  this 
wave  energy  is  proportional  to  the  total  kinetic  energ}-  of  the 
body.  .  .  .  The  total  internal  kinetic  energy^  ought  to  be  a 
factor  as  well  as  the  mass."  ^  "  One  of  the  cardinal  doctrines 
of  gravitation — that  attraction  is  proportional  to  mass — remains 
improven  .  .  .  which  leads  to  the  inference  that  weight  is 
not  an  invariable  property  of  matter.  ...  It  may  be  pos- 
sible to  bring  the  particles  into  such  a  condition  that  the  gravi- 
tational attraction  is  lessened  or  altogether  annulled."  Indeed, 
there  are  strange  difficulties  in  giving  places  in  the  periodic  sys- 
tem to  the  elements  helium  and  argon  on  account  of  the  atomic 
weights,  and  Professor  Ramsey  has  recently  suggested  that  tem- 
perature or  peculiar  electrical  condition  may  make  atoms  heavier 
or  lighter  than  they  would  otherwise  be. 

Let  us  see  what  clues  as  to  the  ultimate  cause  of  gravitation 
may  be  gained  from  a  few  facts  which  recent  physical  investiga- 
tion has  placed  before  us.  In  the  first  place,  for  the  reasons 
cited,  we  will  consider  the  electron  as  the  gravitational  particle. 
As  gravitation  is  the  direct  action  of  an  ether  wave  on  matter, 
the  cause  of  this  w-ave  must  have  been  a  motion  of  the  gravi- 

*  Popular  Astronomy,  vol.  13,  p.  8. 

'Acad.,  vol.  51,  p.  540:  Review  of  "Some  Unrecognized  Laws  of 
Nature,"  by  Ignatius  Singer  and  Lewis  H.  Berens. 
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tational  particle.  Now  we  know  that  the  electron  has  an  orbital 
motion :  "  To  explain  all  the  properties  with  which  we  know 
the  chemical  atoms  to  be  endowed,  and  more  especially  their 
power  of  complex  radiation, -it  is  necessary  to  represent  an  atom 
as  a  structure  containing  a  large  number  of  electrons  in  steady 
orbital  motion  around  each  other,  somewhat  as  the  planets  move 
within  the  solar  system.  .  .  .  The  emission  of  corpuscles 
from  the  radio-active  elements  also  indicates  such  movement,  for 
it  is  unlikely  that  the  high  velocities  with  which  the  corpuscles  are 
hurled  away  should  have  been  impressed  on  them  at  the  instant 
of  ejection.  ...  If  an  atom  consists  of  a  system  of  elec- 
trons in  orbital  movement,  the  acceleration  of  their  motion  must 
involve  a  constant  radiation  of  energy.  ...  A  structure  like 
an  atom,  with  its  mass-acceleration  balanced,  would  maintain  its 
energy  with  very  little  loss  for  long  periods  of  time,  measured, 
perhaps,  in  millions  of  years.  Still,  loss  of  energy  does  occur," 
the  cumulative  effects  being  probably  "  an  explosive  disintegration 
of  the  atomic  system,  such  as  occurs  in  the  phenomena  of  radio- 
activity." ^  How  else  can  this  loss  of  energy  in  the  electron  be 
accounted  for — since  no  energy  can  be  "  lost  " — but  to  consider 
it  the  cause  of  gravitation,  and  what  better  explanation  of  gravi- 
tation can  be  found? 

In  order  that  the  revolving  electron  set  up  a  wave  motion  in 
the  ether  (which  is  the  only  way  in  which.its  energy  can  be  dis- 
seminated) the  latter  must  be  composed  of  particles  far  smaller 
than  the  electron — the  ratio  of  size  being  less,  probably,  than 
that  of  the  electron  to  the  molecule.  We  know  this  tO'  be  true, 
for  if  the  ether-particle  is  also  an  electron,  inert  and  dissociated 
(which  would  be  the  limit  of  a  chemical  conception  of  the  ether) 
or  a  larger  particle  (which  we  can  only  imagine  as  composed  of 
electrons),  gravitation  would  act  on  ether  as  well  as  on  matter. 
This  would  probably  make  changes  in  its  density  throughout 
space  and  cause  measurable  effects  in  light  waves. ^     Another 

*  The  Recent  Development  of  Physical  Science,  W.  C.  D.  Whetham, 
pages  256,  282,  284,  285. 

'  In  the  Philosophical  Magazine  for  November,  1885,  Prof.  De  Volson 
Wood,  in  an  article  on  "  The  Luminiferous  Ether,"  considered  ether  as  a 
gravitational  gas  and  concluded  from  a  mathematical  investigation  that  it 
might  still  be  regarded  as  having  very  nearly  uniform  density  throughout  all 
space.  However,  Luigi  D'Auria  has  pointed  out  (Popular  Astronomy,  vol. 
15,  p.  loi)  that  through  a  fatal  error  in  reasoning  this  conclusion  is  unten- 
able, and  thus  gravity  does  not  affect  ether. 
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reason  is  apparent :  the  passage  of  the  earth  through  the  ether 
would  result  in  collisions  between  "  matter-electrons "  and 
"  ether-electrons  "  which  would  produce  noticeable  effects  on 
matter. 

It  remains  to  consider  the  manner  in  which  the  ether  wave 
affects  particles  in  its  path  and  causes  them  to  move  in  a  direction 
contrary  to  its  own.  First  let  us  examine  some  phenomena 
which  apparently  present  a  fine  analog}^  to  gravitation.  Two 
tuning-forks,  when  set  in  vibration  in  the  atmosphere,  are  found 
to  attract  each  other;  and  one  of  them  alone  will  attract  any 
substance  heavier  than  the  air,  while  it  repels  one  that  is  lighter. 
The  action  of  the  forks  and  its  cause  is  discussed  by  F.  J.  B. 
Cordeiro,^°  who  attributes  the  attraction  to  the  form  of  the 
sound  wave  set  up  by  the  vibrations.  "  The  crests  (of  the  wave) 
are  all  pointed  forward  and  the  hollows  backward — something 
like  the  teeth  of  a  saw.  The  period  of  compression  is  accom- 
plished more  quickly  than  the  period  of  expansion — the  face  of 
the  wave  is  steeper  than  the  back,"  from  two  causes,  viz.,  "  the 
motion  of  inertia  of  a  particle  of  the  medium  is  more  quickly 
overcome  during  the  compression  stage  than  during  the  expansion 
stage  because  it  is  opposed  by  a  greater  resistance  in  the  first 
case  than  in  the  latter;  added  to  this  the  composition  of  the  motion 
of  oscillation  with  the  wave  motion  would  tend  to  give  the  crests 
a  forward  tilt.  .  .  .  The  front  of  a  sound  wave  striking  a 
heavy  body  tends  to  repel  it,  while  the  back  of  the  wave  tends  to 
push  it  back.  .  .  .  On  particles  denser  than  the  medium,  the 
effective  backward  acceleration  exceeds  the  forward  acceleration 
and  such  bodies  are  therefore  urged  in  a  direction  opposite  to  that 
of  the  wave  motion.  On  particles  less  dense  than  the  medium 
the  effective  forward  acceleration  exceeds  the  backward  accelera- 
tion and  such  bodies  are  urged  along  with  the  wave  motion." 
He  then  compares  gravitation  to  the  attraction  of  the  tuning- 
forks  and  concludes  that  the  loss  of  atmosphere  by  the  earth 
and  other  planets  may  be  attributed  to  the  repulsion  of  "  gravi- 
tation "  above  the  point  where  the  air  has  the  same  density  as 
the  ether,  calculated  by  the  best  authorities  to  be  io~^'^  that  of 
water,  which  point  in  the  case  of  the  earth  is  thought  to  be  about 
2IO  miles  above  the  surface.     He  also  considers  the  repulsion  of 

"  Popular  Astronomy,  vol.  13,  p.  8. 
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comets'  tails,  as  they  approach  the  sun,  to  be  caused  by  this 
negative  gravitation  of  that  body. 

In  comparing  the  electron  in  its  orbital  motion  to  the  vibrating 
fork  and  the  ether  waves  of  gravitation  to  the  air  waves  of 
sound,  the  identical  effect  in  both  cases  seems  to  justify  the  con- 
clusion that  the  manner  of  action  of  gravitation  has  been  discov- 
ered. And  it  seems  probable  that  this  theory  is  fundamentally 
correct,  unless  it  contradicts  a  known  fact  or  contains  a  fallacy 
in  reasoning:  at  least,  why  not  accept  it  until  a  more  useful  one 
be  promulgated  ? 

To  sum  up,  then,  the  defects  or  omissions  in  Newton's  law : 
it  is  too  unlimited  in  application  and  should  be  modified  slightly 
so  as  not  to  pass  the  bounds  of  our  knowledge ;  in  one  particular 
it  violates  the  law  of  the  conservation  of  energy;  it  does  not  name 
the  particle  as  a  physical  unit ;  it  neglects  a  possible  factor,  the 
kinetic  energy  of  the  particle;  it  does  not  even  suggest  the  need 
of  a  medium  for  transmission  of  the  force;  it  does  not  specify  the 
nature  of  the  attraction  or  attempt  to  name  its  cause.  Newton's 
law  was,  at  the  date  of  its  enunciation,  a  wonderful  demonstra- 
tion of  truth  in  that  it  correlated  a  thousand  mysterious  phe- 
nomena and  denoted  a  common  cause  for  all  of  them ;  but  New- 
ton's mind  conceived  only  an  explanation  of  the  first  effect  appar- 
ent to  the  senses  in  the  chain  of  phenomena  in  which  that  effect 
is  only  a  culmination.  To  name  the  links,  as  it  were,  in  this 
chain,  we  should  designate :  the  unknown  cause  which  sets  the 
electron  in  motion;  the  effects  of  this  motion  on  the  ether;  the 
nature  of  the  ether,  by  which  it  transports,  without  absorbing, 
the  energy  given  it;  the  effect  of  this  energy  wave  on  particles 
of  matter,  explained  by  the  nature  of  the  wave  and  the  relation 
of  the  particle  to  the  medium ;  the  effects  of  gravitation — pressure, 
heat;  and  the  dissemination  of  heat  through  space,  tending 
toward  an  ultimate  uniform  distribution  of  unavailable  energy. 
Newton's  law,  then,  with  the  essential  corrections,  may  serv'e 
merely  as  a  statement  of  the  fact  of  attraction  and  of  those 
causes  which  are  purely  of  observational  significance ;  but  it  can- 
not be  used  to  represent  the  sum  of  our  knowledge  of  the  forces 
and  causes  behind  gravitation,  and  for  this  purpose  we  need  a 
law  modelled  according  to  the  present  scope  of  our  information. 
A  statement  such  as  the  following  would  indicate  the  statu  quo 
of  the  problem :  All  known  matter  consists  of  electrons  having 
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one  common  interaction  as  follows :  there  is  a  gradual,  uniform 
transmission  to  the  surrounding-  ether  of  the  kinetic  energy  of 
the  orbital  motion  of  the  electron  within  the  atom,  this  lost 
energy  being  perfectly  transmitted  in  all  directions  by  a  wave 
motion  of  ether  particles,  which  are  of  a  smaller  order  of  size 
than  the  electron,  are  at  a  distance  from  each  other  and  have  no 
motion  of  their  own;  the  ether  wave  transfers  its  energ}'  to  the 
electrons  it  meets,  in  that  because  of  its  form  (comparable  to  that 
of  a  Koenig  "  manometric  flame  ")  it  causes  them  to  move  in  a 
direction  opposite  its  own,  or  toward  the  particle  which  originated 
it,  constituting  the  phenomena  of  "  gravitation  "  :  which,  as  is 
thus  evident,  has  for  its  factors,  in  the  case  of  two  electrons, 
about  Vi5  of  the  whole  force  radiated  by  an  electron, ^^  divided 
by  the  square  of  the  distance  in  units  of  the  electron's  radius; 
and  in  the  case  of  a  number  of  electrons,  "  gravity  "  or  weight 
has  the  same  factors,  multiplied  by  the  product  of  the  numbers 
of  electrons  in  the  two  bodies  (the  earth  and  any  other),  from 
which  product  is  subtracted  the  number  of  electrons  each  of  which 
is  in  a  straight  line  with  any  two  others  (since  the  attraction  in 
such  cases  is  spent  on  the  interposed  particle). 

"  Since,  assuming  tlie  electron  spherical  in  shape  and  considering  two  of 
them  at  a  distance  of  one  radius  or  unity  from  each  other's  centres  or  touch- 


ing each  other  (representing  the  wave  as  coming  from  the  centre  of  sphere  I 
as  in  the  figure),  the  area  of  the  zone  XNY  on  the  surface  of  sphere  i  is 
that  part  of  the  whole  spherical  wave  intercepted  by  sphere  2  which 
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Similar  action  taking  place  between  2  and  i,  the  sum  of  the  two  is  x"- 
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The  task  of  explaining  gravitation  and  the  unseen  phenomena 
behind  it  is  only  begun :  for  the  difficulties  of  experimental  re- 
search into  the  ultimate  nature  of  ether  and  matter  make  the 
solution  dependent  upon  the  results  of  years,  perhaps  centuries, 
of  patient  inquir}^  Thus  is  emphasized  the  importance  of  the 
logical  evolution  of  theory  through  rigorous  elimination  of  fallacy 
and  by  "  the  surv^ival  of  the  fittest  " :  for  it  is  only  by  constant 
and  careful  development  of  theory  that  we  can  best  maintain  the 
correct  conclusions  from  the  relations  of  newly  ascertained  facts 
to  old  ones,  and  by  so  doing  blaze  the  path  by  which  science 
through  experimental  investigation  may  reach  a  final  and  direct 
demonstration  of  the  truth. 

And  we  know  that  when  the  secrets  of  ether  and  the  electron 
are  at  last  discovered  we  may  be  able  to  convert  the  atom's  enor- 
mous potential  energy,  now  dormant  and  unavailable,  into  power 
superfluous  for  man's  desires ;  and  when  we  find  a  means  to  coun- 
teract the  effect  of  the  ether  waves  which  we  call  gravitation  we 
can  without  effort  fly  to  the  planets  and  investigate  all  the  depths 
of  space. 


RUBBER-ASPHALT   ROADWAYS. 

The  following  information  concerning  rubber-asphalt  pavements  in 
France  has  recently  been  published  by  the  Department  of  Commerce  and 
Labor. 

Experiments,  covering  periods  of  six  years,  have  been  made  with  this 
pavement  in  several  cities  throughout  France,  including  Paris  and  Lyons, 
and  as  far  as  can  be  ascertained  have  given  good  results. 

In  the  city  of  Marseilles  a  satisfactory  experiment  was  made  upon  the 
Prado  a  number  of  years  ago,  and  this  spring  three  or  four  public  places  were 
similarly  paved,  these  areas,  however,  being  devoted  to  pedestrian  traffic 
exclusively.  Innovations  of  this  kind  make  slow  progress  in  France,  but  from 
the  character  of  the  men  interested  in  the  company  and  the  increasing  im- 
portance of  the  work  undertaken  rubber-asphalt  paving  must  be  regarded 
very  seriously  as  a  substitute  for  the  more  usual  form  of  asphalt  paving. 

At  the  present  time  most  asphalt  paving  involves  the  use  of  costly  in- 
stallations for  the  heating  of  the  powder,  a  considerable  amount  of  material, 
and  a  special  class  of  laborers,  all  of  which  tend  to  increase  the  cost.  Under 
the  new  process  it  is  possible  to  make  cold  applications  of  asphalt,  which  are 
said  to  possess  all  the  advantages  of  hot  compressed  asphalt  without  its  draw- 
backs. 

MATERIAL  USED  AND  ITS   APPLICATION. 

The  material  under  description  is  a  product  resulting  from  the  associa- 
tion of  asphalt  and  rubber.  Asphalt  is  a  carbonate  of  lime  impregnated  with 
bitumen,  with  which  rubber  combines  under  certain  conditions,  thus  effecting 
the  cohesion  of  the  calcareous  molecules.  This  product  is  claimed  to  be  more 
plastic  and  more  adhesive  than  pure  asphalt,  and  to  resist  higher  temperatures. 
To  obtain  the  combination  of  bitumen  and  rubber  they  must  be  energetically 
mixed  in  special  devices,  in  which  the  asphalt,  reduced  to  fine  powder,  is  in 
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the  presence  of  rubber  swelled  and  softened  by  a  solvent.  The  material  thus 
obtained  is  a  brown  powder  darker  than  the  original  asphalt,  and  it  suffices 
to  compress  it  in  order  that  it  shall  set  and  harden  rapidly. 

It  is  alleged  that  when  asphalt  is  applied  hot,  the  heat  of  the  application 
coming  into  contact  with  a  concrete  foundation  containing  more  or  less  humid- 
ity vaporizes  the  water  contained  therein,  and  the  steam,  by  its  force  of  ex- 
pansion, escapes,  thus  destroying  the  compactness  of  the  combination.  This 
inconvenience  does  not  present  itself  in  the  system  under  designation,  which 
permits  the  application  of  a  much  thinner  layer  of  asphalt  and  one  which 
unites  itself  with  the  concrete,  constituting  a  solid  mass.  The  observations 
of  this  form  of  pavement  satisfy  those  interested  in  the  subject  that  the  com- 
pleted surface  resists  ordinary  wear  more  satisfactorily  than  any  other. 

RUBBER-ASPHALT  PAVEMENTS. 

Rubber-asphalt  must  be  applied  upon  a  foundation  of  first-class  con- 
crete, consisting  of  440  pounds  of  good  Portland  cement  and  i  cubic  meter 
(35.31  cubic  feet)  of  pebbles  and  sand,  the  proportions  being  one-third  of 
sand  to  two-thirds  of  pebbles.  The  thickness  of  the  foundation  should  vary 
from  15  to  20  centimetres  (5.90  to  7.87  inches)  and  it  should  be  rammed  with 
the  back  of  shovels  used  in  this  work,  and  given  the  exact  form  which  the 
roadway  is  intended  to  have,  without  the  necessity  of  making  later  additions 
of  concrete  to  bring  the  surface  to  its  proper  proportions.  The  surface  of  the 
concrete  should  be  regular,  so  that  the  layer  of  asphalt  may  have  a  uniform 
thickness.  This  foundation  should  remain  three  to  five  days,  according  to  the 
season,  until  it  has  required  a  sufficient  hardness  to  support  the  ramming  of 
the  layer  of  asphalt.  The  surface  of  concrete  having  been  well  cleaned,  is 
covered  with  a  thin  coating  of  special  material,  which  is  laid  on  with  a  brush 
upon  which  the  rubber-asphalt  powder  is  lightly  sprinkled.  Shortly  after 
these  preliminar}'  operations  the  uniform  layer  of  rubber-asphalt  powder  is 
spread  to  a  thickness  of  3.5  to  4  centimetres  (1.37  to  1.57  inches),  which  is 
compressed  progressively  by  means  of  a  rammer.  This  done  the  surface  may 
be  opened  immediately  to  travel.  It  is  said  that  by  this  process  the  top- 
dressing  of  asphalt,  when  laid  on  hot,  may  be  one-half  the  thickness  necessary 
when  the  asphalt  is  laid  on  cold. 

As  the  process  is  covered  by  a  patent,  and  exploited  by  a  particular  corn- 
pany,  it  is  impossible,  of  course,  to  describe  the  system  otherwise  than  in 
these  somewhat  general  terms. 


BUILDING  OPERATIONS  IN  1908. 

The  total  cost  of  the  buildings  erected  in  the  principal  cities  of  the 
United  States  in  1908  was  $546,467,390,  according  to  Jefferson  Middleton, 
of  the  United  States  Geological  Survey,  who  has  collected  statistics  on  this 
subject  in  connection  with  his  investigations  of  the  clay-working  industries. 
In  1907  the  cost  of  buildings  in  these  same  cities  reached  a  total  of  $626,- 
148,890.  The  decrease  in  cost  in  1908  therefore  amounts  to  $79,681,500,  or 
12.73  per  cent.  The  following  table  shows  the  number  of  permits  issued 
and  the  cost  of  buildings  erected  in  each  of  the  cities 

RANK  OF  CITIES. 

The  relative  rank  of  the  cities  in  cost  of  building  operations  is  interest- 
ing. New  York  is  first,  the  cost  of  its  buildings  exceeding  the  cost  of  those 
of  its  closest  competitor,  Chicago,  by  $50,584,582,  or  more  than  75  per  cent. 
If  the  cost  of  operations  in  Brooklyn,  the  third  city  in  rank,  is  added  to 
that  for  New  York,  the  total  will  be  $163,684,622,  or  30  per  cent,  of  the  cost 
of  the  building  operations  of  the  49  cities  included  in  the  table.  San  Fran- 
cisco is  fourth  in  rank,  Philadelphia  is  fifth,  and  St.  Louis  is  sixth.  Seventh 
in  rank  is  the  small  though  rapidly  growing  city  of  Seattle,  which  spent 
more  for  buildings  in  1908  than  Pittsburg,  which  was  eighth,  Boston,  which 
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BUILDING  OPERATIONS  IN  THE  LEADING  CITIES  OF  THE  UNITED  STATES 

IN    1908. 


Number  of 

Cost 

Number  of 

1 

Cost 

permits  or 
buildings. 

of  buildings. 

permits  or 
buildings. 

i     of  buildings. 

Allegheny.  Fa 

(a) 

(a) 

Carried  forward .... 

79.631 

S23S.I35020 

Atlanta,  Ga 

4,IS3 

84,833.941 

Milwaukee,  Wis 

4.169 

10.065,669 

Baltimore,  Md 

2.893 

7.554.709 

Minneapolis,  Minn    .  . 

5.638 

10,093.915 

Boston,  Mass 

2,632 

11,253,712 

Nashville,  Tenn 

4,215 

1.969,50s 

BrookljTi.  N.  Y 

10,769 

45,865,240 

Newark.  N.J 

2,419 

7,161,668 

Buffalo,  N.Y 

2,788 

6,847,000 

New  Haven,  Conn   .  . 

919 

3.091,465 

Cambridge,  Mass 

42s 

2,153,070 

New  Orleans,  La  ...  . 

2,457 

5,744.311 

Chicago,  111   

10,627 
3.SS3 

67,234,800 
6,428,888 

New  York,  N.Y 

Omaha,  Nebr 

6,103 
1.526 

117.819,382 
4,590.650 

Cincinnati,  Ohio 

Cleveland,  Ohio 

6,674 

9,896,869 

Philadelphia,  Pa 

13.363 

28,152,265 

Columbus,  Ohio 

1,698 

3,400,273 

Pittsburg,  Pa 

04.023 

013,136,387 

Dayton,  Ohio 

1. 193 

3,234,280 

Providence.  R.  I  . . .  . 

1.386 

4,034,000 

Denver,  Colo 

3. 117 

10,098,020 

Reading,  Pa 

571 

497.700 

Detroit,  Mich 

3.662 

10,682,170 

Richmond,  Va 

1.330 

3,169,431 

Fall  River,  Mass 

399 

1,140,927 

Rochester,  N.  Y 

1,302 

4.975.317 

Grand  Rapids,  Mich  .  . 

1,064 

2, 181, 759 

St.  Joseph,  Mo 

678 

1. 717. 723 

Hartford,  Conn 

676 

3.107.348 

St.  Louis,  Mo 

9. 119 

21,190,369 

Indianapolis,  Ind   .... 

4.013 

5,895,928 

St.  Paul,  Minn 

7,625,538 

Jersey  City,  N.  J 

1.367 

4,490,466 

San  Francisco,  Cal  . . 

6.729 

31,668,341 

Kansas  City,  Kans  .  . . 

792 

1,108,472 

Scranton,  Pa 

1          892 

2,366,405 

Kansas  City,  Mo 

3.840 

10,562,041 

Seattle,  Wash 

,       7.901 

13,777.329 

Los  Angeles,  Cal 

7.371 

9.931.377 

Syracuse.  N.  Y 

1,291 

3.317.19s 

Louisville,  Ky 

2,909 

2,914,141 

Toledo,  Ohio 

i.o6s 

2,081.448 

Lowell,  Mass 

497 

1,019,081 

Washington,  D.  C  .  .  . 

5.258 

10,800,096 

Memphis,  Tenn 

2,519 

3,300.508 

Worcester,  Mass  . . . . 
Total 

1. 102 

2,286,261 

Total 

79.631 

$235,135,020  1 

163,087 

,$546,467,390 

0  All( 

sgheny  include 

d  in  Pittsburg,  Pa. 

wa.s  ninth,  and  other  cities  much  larger.    This  great  activity  in   Seattle   is 
ascribed  to  the  extremely  low  prices  of  building  material  and  labor. 

CHARACTER    OF   BUILDINGS- 

Of  the  permits  issued  or  buildings  erected  38.64  per  cent,  were  for  build- 
ings of  fire-resisting  materials,  and  61.36  per  cent,  for  wooden  buildings,, 
corresponding  closely  to  the  percentages  in  1907.  The  average  cost  of  brick 
or  fire-resisting  buildings  in  1908  was  $9,089  and  of  wooden  buildings  $2,101. 

Chicago  reported  the  largest  number  of  brick  buildings — 8,208,  with  an 
average  value  of  $6818;  Philadelphia  the  next  largest  number — 6,778,  with  an 
average  value  of  $3,308.  Brooklyn  reported  the  third  largest  number  of 
brick  buildings  and  New  York  the  seventh,  though  in  cost  of  buildings  of 
this  class  it  is  first.  New  York  reported  1,884  brick  buildings  costing 
$103,064,486,  or  nearly  twice  as  much  as  Chicago's  8,208.  The  average  cost 
of  fire-resisting  buildings  in  New  York  was  $54,705.  No  wooden  buildings 
were  erected  in  the  borough  of  Manhattan,  those  reported  for  New  York 
being  in  the  Bronx.  The  largest  number  of  permits  for  wooden  buildings 
was  issued  in  Seattle — 7,777,  the  average  cost  of  the  buildings  being  about 
$1,000.  The  next  largest  number  of  wooden  buildings  was  reported  by  Los 
Angeles — 4,679,  costing  on  an  average  $1,383.  The  greatest  cost  for  wooden 
buildings  was  reported  by  San  Francisco,  the  average  cost  being  $3,641. 
Chicago,  which  reported  the  largest  number  of  brick  buildings,  was  eighth 
in  number  of  wooden  buildings.  Except  for  Reading,  where  none  were 
erected,  Philadelphia  reported  the  smallest  number  of  wooden  buildings — 
45,  with  an  average  cost  of  $1,482. 

REPORT   IN   PREPAR.\TION. 

A  report  on  the  clay-working  industries  of  the  country,  including  statis- 
tics of  the  building  operations,  is  now  being  prepared  by  Mr.  Middleton  and 
will  be  issued  by  the  Survey  within  a  few  months. 


ELECTRICAL  SECTION 

(Stated   meeting   held    Thursday,   February    il,    1904.) 


THE    CORROSION   OF   METALS    UNDERGROUND    BY 
ELECTROLYSIS. 

BY 

A.  A.  KNUDSON,  Elecl.  Engr. 

The  object  of  this  paper  is  to  set  forth  somewhat  briefly 
the  present  status  of  electrolytic  action  upon  subsurface  metals 
due  to  railway  currents,  and  to  illustrate  with  some  items  gleaned 
from  practice  the  movements  and  effects  of  such  currents. 

Attention  will  first  be  given  to  some  features  pertaining  to 
the  cause  of  railway  currents  flowing  into  and  following  under- 
ground pipes  and  other  metals  and  afterwards  consideration  to 
some  of  the  destructive  effects  from  this  cause. 

A  glance  at  the  construction  of  the  single  trolley  system  will 
■first  be  made  in  order  to  fully  appreciate  the  results  of  such  con- 
struction upon  underground  metals. 

It  is  fairly  well  known  that  the  single  overhead  wire  re- 
enforced  by  copper  feeders  carries  the  current  to  the  cars, 
thence  through  the  motors  and  wheels  to  the  rails  which  are 
employed  to  return  this  current  to  the  power  house.  As  is  well 
known  the  rails  are  buried  to  their  top  surface  in  the  soil,  and 
therefore  this  side  of  the  circuit  is  permanently  "  grounded." 
Here  is  where  the  trouble  from  electrolysis  comes  in,  for  in  the 
same  soil  in  the  average  city  and  town,  a  few  feet  below  the 
surface  tbere  is  a  gridiron  of  water-mains  and  a  gridiron  of  gas 
mains,  besides  other  metallic  conductors.  Under  the  law  of 
divided  circuits  these  underground  mains  represent  other  paths 
by  which  a  portion  of  this  current  is  bound  to  flow  and,  there- 
fore, it  divides  itself  among  them  all,  some  passing  by  the  way 
of  the  rails  and  their  aiLxiliar}'-  feeders  when  they  are  provided 
and  some  by  the  way  of  mains,  in  the  inverse  ratio  of  their  sev- 
eral resistances  in  accordance  with  this  law,  the  damp  soil  acting 
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as  the  conducting-  medium  between  the  rails  and  mains.  Where 
the  current  passes  out  of  these  mains  to  the  soil  on  its  \va}-  to 
some  neig-hboring-  main,  or  to  some  water-course  leading  to 
the  power  house,  or  again  to  the  rails  in  the  vicinity  of  a  power 
house,  electrolytic  action,  commonly  called  electrolysis,  takes 
place,  resulting  in  the  destructive  effects  which  are  now  quite 
familiar. 

The  condition  of  the  track  circuit  has  much  to  do  with  the 
proportion  of  current  that  may  leave  it  and  pass  into  the  mains. 
With  heavy  90  and  100  pound  rails  well  beaded  and  with  auxiliary 
copper  feeders  a  much  less  amount  will  pass  oft'  to  other  paths 
than  if  the  rails  are  light  and  poorly  bonded,  with  no  feeders. 
The  former  construction  is  generally  found  in  the  central  or 
busy  parts  of  a  city  while  the  latter  usually  prevails  on  the  more 
distant  sections  or  suburbs.  If  the  entire  track  circuit  in  a  city 
were  constructed  as  in  the  former  case  it  would  not  mean  perfect 
immunity  from  electrolysis,  as  some  current  even  then  would 
pass  by  way  of  other  indirect  paths  underground. 

We  shall  endeavor  to  illustrate  with  views  divided  in  two 
groups  both  the  cause  and  effect  of  electrolytic  action ;  the  first 
group  represents  the  cause,  and  some  of  the  peculiar  current 
movements  underground  will  also  be  referred  to,  while  the  sec- 
ond group  will  refer  to  efl"ects  or  damage  to  mains  and  other 
metals. 

CAUSE  OF  ELECTROLYSIS 

Fig.  I  is  a  typical  map  and  illustrates  the  usual  flow  of  cur- 
rent upon  mains  in  any  city  where  the  single  trollev  system  is 
in  operation;  with  the  power  house  located  upon  the  bank  of  a 
river  or  other  water-course. 

Such  an  arrangement  is  quite  common  and  as  the  effect  is 
much  the  same  among  them  all  so  far  as  the  direction  of  currents 
are  concerned  we  have  chosen  this  method  of  illustrating  a 
number  of  cases. 

It  will  be  noticed  that  not  only  do  these  currents  flow  across 
the  river  to  the  powder  house  but  also  along  the  banks  of  the 
side  upon  which  it  is  located. 

A  water  or  gas  main  as  indicated  at  A  passing  across  a 
river  bed  is  one  path  for  a  returning  current  often  found.  Such 
pipe  is  quite  likely  to  be  damaged  by  electrolysis,  particularlv 
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if  in  salt  water,  as  when  it  conveys  current  some  is  sure  to  leave 
it  and  pass  into  the  mud  bottom  or  river,  thence  to  the  power 
house  by  way  of  the  pij^es  used  for  condensing.  This  back  door 
entrance  in  many  cases  is  a  matter  of  much  concern  to  railway 
companies,  passing  as  it  does  into  the  intake  pipes,  thence  through 
steam  and  condensing  apparatus,  resulting  in  electrolytic  injury 
and  often  necessitating  extensive  repairs.  This  effect  may  be 
fairly  termed  the  "  boomerang  "  of  the  single  trolley  system. 

Fig.  1. 
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UNDERCROUND   M/IINS. 


It  has  been  found  that  a  considerable  proportion  of  trolley 
current  will  seek  a  river  or  other  nearby  water-course  in  pref- 
erence to  following  an  underground  main  or  even  the  railway 
track  return  whenever  the  conditions  offer  an  opportunity. 

y^ew  York  City. — The  next  illustration  (Fig.  2)  of  straying 
currents  is  a  section  of  New  York  City  showing  the  flow  to  be 
over  the  Brooklyn  Bridge  to  Manhattan  Borough,  thence  through 
the  underground  metals  to  and  over  the  new  or  Williamsburg 
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bridge,  thence  over  that  bridge  and  returning  to  the  power  house 
in  Brooklyn  at  Kent  Avenue  through  underground  mains  in 
Brooklyn. 

Before  the  new  bridge  was  built  this  current  spread  as  far 
north  as  23rd  Street,  about  2  miles,  before  entirely  crossing  as 


Fig.  2. 


shown  by  the  lines  and  arrows.  Now,  howe^^er,  the  new  bridge 
with  its  mass  of  metal  is  acting  as  a  '"  short  circuit  "  and  most 
of  the  current  recrosses  the  river  through  it. 

One  test  for  current  flow  was  made  upon  the  Brooklyn  side 
of  the  new  bridge  upon  a  6-inch  water  pipe  coming  down  from 
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the  structure  and  a  maximum  of  nearly  70  amperes  was  found 
passing  through  it  directly  into  the  water  mains  and  thence 
towards  the  Brooklyn  Power  House.  This  however  was  only 
one  path;  there  are  many  others,  such  as  the  metal  foundations 
of  the  pillars  where  the  current  may  pass  out  into  the  soil  and 
cause  electrolytic  action.  In  this  same  section  of  New  York  is 
located  the  U.  S.  Navy  Yard,  where  considerable  damage  by 
electrolysis  has  occurred  to  the  pipes  underground. 

A  method  employed  by  the  officers  in  charge,  in  keeping  track 
of  the  direction  and  force  of  these  currents  is  through  potential 
measurements  between  different  points  of  the  Yard. 

Navy  Yard. — ^Wires  are  run  from  a  central  station  to  12  or 
1 3  different  points  connecting  with  the  water  pipes  at  each  place. 
By  this  arrangement  voltmeter  readings  can  be  taken  between 
any  two  of  these  points  and  in  this  way  some  knowledge  of  their 
direction  and  force  is  had. 

Several  potential  tests  have  been  made  about  the  bridges  in 
New  York.  The  one  recorded  by  Fig.  3  was  taken  last  April 
during  a  so-called  "  rush  hour  "  between  5  and  7  p.  m.  between 
a  pillar  of  the  New  York  and  Brooklyn  bridge  structure  on  the 
Manhattan  side  and  a  water  main. 

This  will  give  an  idea  of  how  the  change  in  strength  of  the 
railway  current  which  is  governed  by  the  changes  in  traffic  is 
reflected  between  other  metals  underground.  The  bridge  was 
positive  to  the  mains,  showing  currents  coming  over  from  Brook- 
lyn and  passing  into  them  as  well  as  other  metals.  It  will  be 
noted  that  beginning  at  2  volts  a  little  after  5  o'clock  the  rise 
is  quite  rapid  until  3.6  volts  is  reached  several  times  between 
6  and  6.35,  after  which  it  begins  to  fall  off,  when  at  7  o'clock 
after  most  of  the  crowd  has  been  carried  home  it  is  back  to  2.4. 
This  rise  and  fall  of  potential  therefore  corresponds  to  traffic 
changes  on  the  cars  and  is  one  means  of  establishing  when 
necessary  the  identity  and  source  of  these  currents. 

A  more  complete  method  for  observing  the  roaming  of 
trolley  currents  through  other  peoples'  property  and  the  damage 
caused,  is  by  current  measurements  upon  the  mains.  This  is 
often  conveniently  ascertained  by  the  drop  of  potential  test  in 
a  given  number  of  feet  upon  a  known  size  of  pipe,  the  resistance 
of  which  has  been  previously  determined,  and  by  the  application 
of  Ohm's  law  the  flow  of  current  in  amperes  is  found. 
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In  many  cases  permanent  stations  are  now  installed  upon 
important  mains  by  screwing  into  them  brass  plugs,  usually  10 
feet  apart,  to  which  are  attached  insulated  wires;  these  are  led 
to  the  surface  of  the  street  and  the  ends  secured  in  a  box.  By 
this  arrangement  periodical  tests  are  made,  and  a  record  kept 
of  the  current  in  amperes,   which  is   found  by  millivoltmeter 

Fig. 3. 
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readings  in  the  manner  stated.  Sometimes  when  found  desirable 
these  current  measurements  are  taken  every  few  minutes 
throughout  the  24  hours. 

The  diagram  Fig.  4  represents  the  graphic  tabulation  of 
these  readings  taken  upon  a  36  inch  water  main  and  also  upon 
the  same  map  a  second  curve  line  is  placed  giving  the  "  load  " 
line  or  "  log  "  of  a  power  house;  the  readings  of  both  are  placed 
at  the  same  hours.     The  purpose  of  this  illustration  is  to  show 
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at  a  glance  how  the  variations  of  current  strength  upon  the  rail- 
way lines  is  faithfully  reflected  in  the  variation  of  current 
strength  upon  underground  mains,   it  will  be  noticed  that  the 

Fig.  4. 
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high  and  low  readings  occur  at  precisely  the  same  hours  of  the 
24,  thus  completely  identifying  the  current.  The  periodical  tests 
which  are  carefullv  compiled  in  tables  are  kept  as  records  for 
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future  use,  so  in  case  it  is  found  that  important  mains  have  been 
badly  depreciated  by  electrolysis  by  currents  flowing  through 
them,  a  city  or  water  company  would  be  in  a  position  to  fix  the 
responsibility. 

Another  effect  of  the  movements  of  underground  current  is 
its  transfer  from  one  pipe  to  another  underground.  This  oc- 
curred in  an  8  inch  water  main,  and  two  6  inch  wrought-iron 
pipes  used  for  conveying  oil  to  the  seaboard  passing  over  the 
top  of  the  main  at  right  angles  about  3  feet  apart.  The  water 
main  for  about  two  lengths  (^5  feet)  was  nearly  ruined  by 
electrolysis  at  this  point,  it  was  found  positive  to  the  oil  pipes, 

Fig.  5. 


Chestnut  St. 
PRM.cindPliiiadelpliia  cmd   Readinff    Railway  Crossingr. 

at  Chestnut    and    Canal    Sts.    Reading.  Pa. 

at  times  to  6  volts,  and  was  in  continually  wet  soil,  the  conditions 
all  being  favorable  for  electrolysis. 

Tests  upon  the  street,  however,  failed  to  show  this  action 
at  all,  the  main  was  negative  to  the  rails,  and  had  it  not  been 
uncovered  its  condition  w^ould  not  have  been  known  until  it  had 
burst.  This  is  but  one  case  of  many  that  are  never  discovered 
until  a  leak  is  reported;  the  usual  condition,  however,  is  where 
a  current  passes  from  one  water  main  to  another  or  between  a 
water  main  and  a  gas  main  underground. 

The  result  of  a  bad  track  crossing  at  Reading,  Pa.,  is  shown 
in  Fig.  5.  The  main  under  the  tracks  was  found  acting  as  a 
bridge  for  the  returning  railway  current  as  the  bonds  on  the 
crossing  were  defective;  the  pipe  burst  during  examination  at 
one  of  the  soft  spots  caused  by  electrolysis. 
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The  preceding  illustrations  all  refer  to  the  cause  of  electro- 
lytic action  upon  mains.  We  will  now  turn  our  attention  to 
the  other  feature  of  the  case  and  with  a  few  views  illustrate  the 
effect  upon  underground  metals. 

effect  of  electrolysis 
There   are  two  distinct  phases  of  electrolytic  action  upon 
underground  mains;  one  is  the  lateral  efi*^  "t,  where  the  current 
in  passing  out  from  the  hodv  of  a  main  causes  pitting  and  dis- 

FlG.  7. 


integration  of  the  iron,  the  other  is  the  effect  of  current  flowing 
through  a  main,  causing  damage  at  the  joints. 

First,  as  to  the  lateral  effect.  In  cast-iron  mains  soft  spots 
or  furrows  form,  which  are  filled  with  carbon  similar  to  an 
artificial  graphite.  In  steel  or  wrought  iron  the  effect  is  a 
shredded  appearance  with  but  little  carbon. 

Figs.  6,  7  and  8  show  some  lateral  effects.  The  first  is  a 
reproduction  of  a  photograph  which  was  made  from  a  drawing 
and  represents  a  number  of  these  pittings,  about  eighty  in  all, 
ranging  in  depth  from  Vs  of  an  inch  to  9-16.  Tliis  drawing  was 
made  from  a  careful  examination  of  a  12  foot  length  of  a  48 
inch  cast-iron  main  and  is  a  plan  view  of  the  entire  surface,  it 
shows  not  only  every  pitting  but  their  size  and  shape,  with  the 
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depth  marked  at  each  one.     ]\Iost  of  the  data  is  marked  upon 
the  plan,  but  tlie  following  will  be  of  interest. 

Difference  of  potential  between  pipe  and  rails  5  to  15  volts, — 
15  volts  occurring  at  peak  load — daily  average  8  volts.  Current 
flow  on  the  main  5  to  95  amperes,  daily  average  50.  Distance 
lop  of  pipe  to  bottom  of  rail  2.6  feet.     Power  house  furnishing 

Fig.  8. 


this  current  put  in  operation  Xovember.  1897.  Examination 
made  November.  1902;  length  of  time  these  conditions  were 
in  full  force  to  cause  the  damage,  between  4  and  5  years.^ 

The  next  illustration  is  one  of  three  sections  of  a  pipe  dis- 
covered at  Reading,  Pa.,  which  shows  how  laiinous  is  the  effect 
of  electrolytic  action  in  some  cases.     No.  2  w^as  in  the  ground 

Fig.  9. 


less  than  one  year  and  nearly  eaten  through.  No.  3  is  the  one 
that  burst  when  we  were  examining  it  at  the  railway  crossing 
previously  spoken  of,  the  hole  being  at  the  left  end  of  the  piece, 
another  hole  is  near  the  right  end. 

The  next  view  is  a  fragment  of  6  inch  pipe  from  Brooklyn, 
N.  Y.    This  burst  owing  to  electrolysis  about  one  year  ago  Avas 

'  Through  the  courtesy  of  the  engineers  of  the  Metropolitan  Water 
Board  of  the  State  of  Massachusetts,  this  is  shown  for  the  first  time  in 
public. 
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the  cause  of  the  waste  of  a  large  amount  of  water  which  ran 
off  into  a  canal  nearby  and  did  not  show  on  the  surface  of  the 
street.  Xo  one  connected  with  the  Water  Department  can  tell 
how  long'  this  water  was  flowing  to  waste ;  the  break  was  dis- 
covered by  accident,  a  heavy  truck  wheel  breaking  through  the 
ground,  which  had  been  hollowed  by  the  force  of  water  flowing 
away.  This  pipe  was  positive  to  the  trolley  rails  to  nearly  6 
volts  and  also  plus  to  a  gas  pipe  in  the  same  street  and  the  water 
of  the  canal,  indicating  current  flowing  from  it  in  three  different 
directions. 

Fig.  10. 


The  next  section  of  a  pipe  shown  (Fig.  9 )  is  from  an  8  inch 
cast-iron  main  also  taken  from  a  street  in  Brooklyn.  It  is  made 
of  Scotch  iron,  one  method  of  identifying  which  is  the  bulging 
rings  on  each  length.  One  of  these  rings  is  shown  near  the  left 
hand  end.  At  one  time  it  was  thought  by  some  that  this  quality 
of  iron  pipe  was  immune  from  electrolysis  but  that  idea  has  long 
since  been  proved  a  fallacy  in  many  cases  similar  to  this. 

We  will  now  pass  to  the  other  phase  of  electrolytic  action, 
namely,  corrosion  of  the  joints  of  luaiiis,  particularly  water 
pipe  joints. 

The  first  view  (Fig.  10)  is  from  a  photo  of  two  ends  of  a 
16  inch  water  main  from  Peoria,  Illinois,  and  shows  very 
clearly  how  the  pipe  was  injured  by  electrolysis  upon  the  inside 
of  the  joint.  We  are  informed  by  Mr.  D.  H.  Maury,  consulting 
engineer  in  charge  of  the  Water  Company,  who  made  this  dis- 
cover}%  that  of  the   1000  feet  of  this  pipe  removed   from  the 
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g'round  every  joint  showed  more  or  less  of  this  action;  at  some 
places  near  the  end  of  the  pipe  the  metal  was  softened  or  eaten 
away  for  more  than  an  inch. 

Two  other  photographic  views  (Fig.  ii)  of  this  same  pipe 
illustrate  electrolytic  action  upon  the  outside  of  the  main  close 
to  the  lead  packing-  of  the  joint;  this  is  indicated  by  the  row  of 
nails  driven  in  on  the  softened  iron,  showing  the  shunting  effect 
of  the  current;  this  pipe  was  taken  up  owing  to  a  change  in 
pumping  works,  a  new  one  having  been  built.  \Yt  are  also 
informed  that  at  no  other  place  upon  this  pipe  except  at  the 
spigot  ends  were  there  any  signs  of  electrolysis,  the  direction 
of  current  through  the  main  being  from  spigot  to  l^ell. 

Fig.  1 1. 


Fig.  12  is  from  a  photograph  of  6  inch  pipe  from  New  Bed- 
ford, Massachusetts.  This  had  previously  lain  in  the  river;  it 
has  a  ball-and-socket  joint,  and  was  in  preparation  for  further 
use.  We  discovered  during  an  investigation  in  that  city  that  a 
number  of  the  ends  were  badly  softened  and  much  weakened  by 
electrolysis,  the  nails  driven  in  at  some  of  the  soft  places  show^ 
where  they  were  damaged ;  \vhen  the  attention  of  the  Superin- 
tendent was  called  to  this  damage  he  promptly  condemned 
several  lengths  as  being  unfit  for  further  use. 

The  following  view  represents  a  portion  of  a  6  inch  gas 
main  taken  while  in  use  at  Norristow^n,  Pa.,  with  pittings  show- 
ing upon  the  spigot  side  of  the  joint;  one  of  them  was  3-16  inch 
in  depth,  which  was  on  the  far  side  of  the  pipe  and  not  shown 
in  the  \'\q\\. 
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We  will  now  give  onr  attention  briefly  to  electrolytic  action 
upon  water  meters. 

This  part  of  the  subject  so  far  as  we  know  has  not  before 
been  touched  upon.  It  shows,  however,  that  there  are  other 
metals  underground  besides  pipes  that  are  affected  by  elec- 
trolysis ;  and  not  the  least  important  among  them  is  water  meters. 

Two  recent  meter  examinations  made  l)y  the  writer  in  two 
different  cities  revealed  the  fact  that  in  a  number  of  cases  meters 
were  injured  bv  electrolysis;  this  is  owing  principally  to  their 

Fig.   12. 


location.  In  many  cases  to  jjrevent  freezing,  meters  are  placed 
in  pits  3  to  4  feet  below  the  surface  of  the  ground,  the  bottom 
and  sides  of  the  pits  boarded  up  and  provided  with  wooden 
covering.  Some  of  these  are  placed  under  the  docks  along  a 
river  front,  and  many  in  the  cellars  of  dwellings  and  stores. 

It  will  be  readily  seen  that  in  the  latter  case  the  meter  pit 
is  practically  a  cess  pool,  as  it  is  the  lowest  part  of  a  cellar  and 
collects  the  drainage  of  whatever  liquids  may  be  upon  the  cellar 
bottom,  the  cpiality  of  which  will  usuallv  make  a  good  electro- 
lyte (and  the  same  will  apply  to  meter  pits  under  stables,  in  such 
case  there  is  a  large  percentage  of  ammonia  in  the  solution ")  and 
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it  is  well  known  that  this  ingredient  materially  helps  electrolytic 
action. 

Fig-.  13  is  a  photograph  of  the  upper  parts  of  two  meters  and 
the  whole  of  a  third,  all  showing  the  effect  of  electrolysis  and 
the  very  evident  cause  of  their  removal. 

At  all  of  thic  places  where  meters  had  been  similarly  dam- 
aged in  this  investigation,  in  making  tests  it  was  found  that 
those  which  took  their  place  positive  to  the  soil  or  gas  pipe,  were 
the  ones  damaged.  With  tlie  usual  trolley  current  variation, 
such  tests  were  usually  made  with  a  millivoltimeter,  the  readings 
taken  between  the  meter  and  an  iron  bar  driven  down  in  the  wet 
soil  alongside  of  the  pit,  the  variations  in  most  cases  running 

Fig.  IV 


from  20  to  at  times  as  high  as  250  and  300  millivolts.  These 
samples  were  taken  from  a  number  similarly  affected. 

Another  photograph    (Fig.   14)    shows  the  under  side  of  a 

4  inch  meter  wdiich  was  practicalh-  destroyed  by  electrolysis.  It 
was  placed  in  a  pit  at  a  ferry  house  where  tide  water  had  access. 
The  potential  measurements  showed  the  pipes  which  had  con- 
nected with  the  meter  to  be  positive  to  nearby  trolley  rails  from 

5  to  7  volts.  This  meter  was  in  use  6  years  and  8  months ;  the 
under  side  was  softened  nearly  through  the  iron,  as  shown  where 
it  has  been  cut  away,  and  a  knife-blade  pushed  in  up  to  the 
handle.  The  fish-trap  connected  to  it  had  several  holes  in  it, 
as  shown  in  the  next  photograph  (Fig.  15).  Th.e  actual  loss 
in  weight  of  iron  through  electrolysis  was  carefully  ascertained 
and  found  to  be  just  75  pounds. 
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In  another  cit}'  where  a  meter  smaller  than  the  above  was 
placed  in  a  pit  at  a  dock  and  subject  to  tide  water,  it  was  found 
when  the  pit  was  pumped  out  and  an  examination  made,  that 
the  service  pipe  on  both  sides  of  the  meter  had  burst  owing  to 
electrolysis,  the  larger  leak  on  the  consumer's  side  explained  the 
cause  of  abnormally  high  meter  readings  as  well  as  the  vigorous 
protests  on  the  part  of  the  consumer  when  bills  were  rendered. 

The  meter  was  also  somewhat  damaged.  It  was  found  posi- 
tive to  the  river,  the  same  as  in  other  cases  along  the  docks. 
The  power  house  was  upon  the  opposite  side  of  the  river,  and 
this  current  leaving-  pipes  and  meters  was  flowing  across,  as  has 
been  illustrated  in  the  map  (Fig.  i.) 

Fig.  14. 


It  may  seem  strange  that  no  better  setting  of  water  meters 
is  made  than  in  the  ]3laces  referred  to.  In  many  cases,  however, 
where  the  ground  is  low,  it  is  practically  impossible  to  keep  them 
dry  more  than  one  month  in  the  year,  those  near  tide  water  being 
partially  or  wholly  submerged  every  dav  in  the  year.  In  some 
cities  a  better  method  is  used  for  setting-  meters,  such  as  placing 
them  in  a  water-tight  iron  box  below  the  side-walk  in  the  street, 
and  from  the  best  accounts  obtainable  freezing  is  avoided  as 
well  as  electrolysis. 

There  is  one  other  view  (Fig.  r6)  which  may  be  interesting 
in  illustrating  the  effect  of  electrolytic  action  upon  the  partially 
exposed  iron  or  steel  work  of  bridges,  and  showing  the  distinc- 
tion between  ordinarv  corrosion  and  electroh'tic  action.     This 
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does  not,  of  course,  refer  to  underground  foundations  or  cable 
anchorages,  but  to  the  metal  work  of  the  shore  spans  or  trusses 
where  the  heavv  planks  of  the  roadway  rest  against  or  nearly 
against  them.  Between  the  planks  and  the  metal  is  usually  lodged 
the  sweepings  of  the  bridge,  which  consists  almost  entirely  of 
animal  refuse ;  this  will  and  does  cause  corrosion  where  there 
is  no  current  present,  but  when  current  is  flowing  from  the  iron 
to  the  surrounding  soil  it  passes  through  this  material  and  to 
the  planks  which  are  often  wet  and  damp.  In  this  particular 
case,  which  w-as  of  a  bridge  at  Providence,  Rhode  Island,  each 
one  of  the  four  shore  ends  of  the  trusses  was  carefully  tested : 


At  three  of  them  no  sign  of  current  could  be  found,  and  a 
removal  of  the  planks  disclosed  but  little  corrosion ;  at  the  fourth 
however,  which  is  the  subject  of  this  photograph,  a  difference 
of  a  potential  of  from  4  to  6  one-hundredths  of  a  volt  was  found 
with  the  truss  positive  to  the  soil. 

As  will  be  seen,  part  of  the  iron  plate  of  the  truss  which  lay 
next  to  the  planks  was  quite  badly  corroded,  the  iron  which  was 
originally  ^  inch  thick  was  reduced  for  a  considerable  space 
to  about  the  thickness  of  paper  and  penetrated  in  three  places — 
two  of  the  holes  are  shown  in  the  photo,  the  third  was  discov- 
ered after  it   was  taken.     This   distinction   therefore  between 

^  Since  this  paper  was  delivered  this  bridge  has  been  replaced  by  a 
new  one.  The  underground  chords  when  uncovered  were  found  badly 
corroded  and   weakened   from   electrolysis. 
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ordinary  corrosion  of  metals  and  corrosion  caused  by  electrolytic 
action,  we  regard  as  quite  marked.^ 

It  seems  proper  that  something  should  be  said  as  to  the 
situation  in  this  city  of  Philadelphia  regarding  electrolysis.  It 
has  often  been  asserted  that  no  electrolysis  exists  here,  the  reason 
given  owing  to  the  compulsory  requirements  of  an  excellent 
Electrical  Bureau.  Track  returns  of  heavy  copper  auxiliaries 
have  been  established  as  well  as  efficient  rail  bonding,  probably 
far  exceeding  in  extent  and  completeness  the  track  returns  of 
any  city  in  this  country. 

If  excellent  construction  were  a  guarantee  against  electrolysis 
then  there  should  certainly  be  none  here ;  but  as  a  result  of  a 
few  tests  which  we  have  made  for  the  purpose  of  g-etting  some 

Fig.  16. 


idea  of  the  situation  we  are  prepared  to  sav  that  electrolytic 
action  is  going  on  at  both  water  and  gas  mains  in  certain  quar- 
ters of  the  city,  as  we  will  undertake  to  show. 

A  measurement  for  current  flow  upon  a  30  inch  cast-iron 
gas  main  in  the  subway,  on  the  south  side  of  Market  Street 
revealed  a  flow  of  trolley  current  west  reading  at  times  as  high 
as  12.5  amperes. 

In  the  vicinity  of  the  power  house  on  the  west  side  of  the 
river  towards  which  this  current  was  flowing  the  potential 
difference  was  too  high  to  be  measured  with  the  instrument  we 
had  at  the  time,  as  its  limit  was  but  one  volt,  the  needle  however 
went  off  scale  hard,  and  did  not  show  even  a  minimum  reading. 
The  mains  are  positive  to  the  rails  and  it  is  safe  to  say  that  the 
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reading  would  not  be  less  than  two  volts  and  may  reach  from 
four  to  five  volts. 

Tests  between  the  water  mains  and  rails  in  the  same  vicinity 
were  from  0.3  to  0.7  of  a  volt,  mains  positive.  From  these  tests 
we  conclude  there  may  be  electrolytic  action  upon  the  water 
mains  if  they  are  located  in  wet  soil  where  the  resistance  is 
sufficiently  low  for  some  current  to  pass,  but  this  is  not  usual 
with  such  low  difference  of  potential.  There  was  no  oppor- 
tunity to  make  a  current  measurement  upon  the  water  mains  in 
this  part  of  the  city. 

In  regard  to  the  gas  mains,  however,  from  the  current  flow 
discovered  on  the  main  in  the  subway  and  the  tests  near  the 
power  house,  we  believe  they  are  being  damaged  by  electrolysis 
in  this  vicinity. 

Some  further  tests  were  made  in  another  part  of  the  city, 
upon  water  mains  that  were  found  accessible,  the  most  important 
one  being  the  one  in  Greenmount  Cemetery.  Not  far  from  the 
Bristol  Street  entrance  there  is  a  48  inch  main  resting  upon  a 
wooden  trestle,  as  it  crosses  a  small  valley.  Railway  current 
was  discovered  flowing  through  this  main  north,  from  20  to  50 
amperes.  When  a  current  of  electricity  is  found  flowing  through 
an  important  main,  if  only  5  or  10  amperes,  it  is  well  to  learn, 
if  possible,  where  it  is  coming  out,  because  at  such  points  elec- 
trolysis takes  place.  Such  point  has  been  discovered  in  this  case. 
About  14  mile  north  of  the  test  in  the  cemetery  this  main  crosses 
Wyoming  Avenue,  upon  which  is  a  double-track  trolley  road. 
The  main  was  found  highly  positive  to  these  tracks,  indicating 
this  to  be  the  point  of  delivery  for  this  current,  and  as  the  power 
house  is  a  short  distance  west,  it  is  most  natural  for  this 
current  to  pass  out  of  the  main  to  these  tracks  and  thence  to 
power  house. 

A  number  of  precedents  in  similar  cases  in  our  own  experi- 
ence justified  our  prediction,  made  to  the  General  Superintendent 
of  the  Water  Bureau  that  this  main  was  being  damaged  by 
electrolysis  under  these  tracks,  and  it  was  but  a  question  of  time, 
if  these  conditions  continue,  when  it  would  be  in  grave  danger 
of  bursting. 

He  informed  us  if  such  a  thing  should  happen  it  would  cut 
off  the  water  supply  of  a  large  section  of  the  city  until  it  could 
again  be  repaired.     Another  effect  would  be  the  heavy  cost  of 
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<lamage  to  property  through  the  sudden  letting  loose  of  a  huge 
mass  of  water,  as  well  as  the  heavy  cost  of  repairs.  One 
experience  of  this  kind  has  recently  been  had  in  this  city  the 
details  of  which  are  well  known,  and  a  repetition  of  such  an 
accident  would  of  course  be  very  undesirable.  We  are  infonned 
that  the  cause  of  this  break,  however,  was  a  defect  in  the  iron 
of  the  pipe. 

Since  we  reported  these  conditions  two  weeks  ago,  changes 
made  have  considerably  improved  the  situation  as  further  meas- 
urements made  only  to-day  show.  For  instance,  instead  of  40 
to  50  amperes  of  current  discovered  flowing  north,  there  is  now 
but  5  to  15  amperes,  and  it  is  flowing  in  the  reverse  direction, 
south.  Instead  of  the  main  being  highly  positive  to  the  rails  on 
Wyoming  Avenue,  as  found  at  that  time,  it  is  now  negative  to 
the  rails,  from  3  to  4  volts.  Just  how  much  this  main  is  dam- 
aged by  electrolysis  under  these  tracks  depends  somewhat  on 
the  length  of  time  these  conditions  were  in  force  before  the 
change  was  made.  It  would  be  interesting  to  know  also  where 
the  average  current  of  10  amperes  now  flowing  south  through  it 
is  coming  out,  but  lack  of  time  and  severe  weather  have  pre- 
^•ented  further  investig-ation. 

One  method  used  in  some  cities  for  relieving  mains  from 
electrolysis  at  badly  afl:'ected  places  is  to  bond  them  to  the  rails 
or  railway  return.  This  we  have  alwavs  opposed  for  the  reason 
that  more  current  flow  is  invited  upon  them  and  electrolytic 
action  takes  place  at  the  joints,  mostly  inside,  if  a  water  main, 
illustrations  of  which  we  have  shown  in  several  views. 

We  do  not  believe  it  to  be  good  policy  where  the  future  is 
considered  to  allow  either  the  water  or  gas  piping  system  in  any 
city  to  be  practically  con^'erted  into  a  railwav  return  by  bonding 
and  if  we  understand  the  situation  correctlv  that  is  the  view 
taken  by  the  ^Managers  of  the  Electrical  Bureau  in  Philadelphia. 

We  have  only  touched  briefly  upon  various  points  as  to 
cause  and  effect  of  electrolysis  upon  underground  metals,  we 
will  now  turn  our  attention  in  conclusion  to  a  few  remarks  as 
to  the  prospect  of  remedy. 

Under  the  present  system  of  operating  street  cars  with  its 
"  grounded  "  track  return  there  can  be  no  other  result  under 
the  law  of  divided  circuits  but  that  more  or  less  railway  current 
will  pass  to  and  through  underground  metals,  causing  electrolys's 
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among  them  in  a  greater  or  less  degree  according  to  local  con- 
ditions. This  diversion  of  current  from  rails  to  mains  is 
restrained  in  some  cases  by  liberal  use  of  copper  in  the  auxiliaries, 
but  even  then  there  is  sure  to  be  escape  at  some  parts  of  the 
system,  practical  illustrations  of  which  having  just  been  shown. 

The  late  I.  H.  Farnham,  one  of  the  first  investigators  in 
electrolysis,  stated  in  a  paper  read  before  the  Institute  of  Elec- 
trical Engineers  in  New  York  in  1894  that — "  In  some  cities 
where  electrolysis  is  in  progress  to-day,  the  return  copper  nearly 
equals  that  of  the  trolley  and  feed-wire  system.  We  cannot 
force  a  current  to  take  one  path  exclusively  when  others  are 
open  to  it."  This  statement  was  made  10  years  ago;  since  then 
there  have  been  many  electric  railway  lines  built,  but  excepting 
the  double  underground  trolley  in  New  York  and  Washington 
there  has  been  no  other  system  brought  into  general  use  than 
the  present  single  trolley. 

The  present  status  therefore  as  to  the  cause  and  effect  of 
electrolysis  does  not  differ  much  from  the  conditions  as  they 
existed  ten  years  ago,  except  there  is  a  tendency  for  better 
construction  on  the  part  of  the  railways,  which  modifies  the 
efi^ects  but  does  not  cure  the  trouble. 

In  the  evolution  of  the  electric  railway  it  is  impossible  to 
say  if  the  next  step  is  to  be  a  method  which  will  or  will  not  cause 
electrolysis.  The  double  trolley  has  been  largely  advocated  and 
both  the  overhead  and  underground  methods  have  been  in  prac- 
tical use  for  years. 

An  improved  storage  battery  has  been  looked  to  as  a  possi- 
bility. A  modification  of  the  gasoline  engine  as  used  in  automo- 
biles is  another  possibility.  Any  of  these  methods  will  of  course 
avoid  electrolysis.  The  latest,  however,  which  is  attracting  con- 
siderable attention  as  a  possibility  is  the  alternating  current 
method. 

We  are  not  prepared  to  say  what  the  effect  of  alternating 
currents  will  be.  In  one  case  a  laboratory  experiment  shojvyed 
that  the  metal  was  removed  from  each  electrode  and  deposited 
between  them.  If  this  is  to  be  the  result  in  practice  then  not 
much  help  can  be  expected  from  this  direction,  but  it  is  to  be 
hoped  that  some  system  will  be  evolved  that  can  be  operated 
without  a  "  ground  "  and  will  result  in  finally  avoiding  elec- 
trolvsis  or  corrosion  to  underground  metals. 
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Sanitation   and    Sanitary   Engineering.     By   Wm.    Paul    Gerhard,    C.   E. 
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pages,   5x7   inclies.     Price,   $1.50.     New   York,    1909.     Published   by   the 

Author. 

The  enormous  development  of  modern  industry  in  all  its  branches  and, 
in  keeping  with  it,  the  ever-growing  taste  for  luxurious  surroundings  in 
domestic  life  with  its  consequent  complexity  of  means  and  devices  subserving 
to  that  end,  have  given  rise  to  a  considerable  number  of  ramifications  of 
engineering  science.  Where  a  score  of  years  ago  the  branches  of  engineer- 
ing science  might  be  counted  on  the  five  fingers,  a  score  is  now  nearer  their 
number.  Sanitary  Engineering  is  one  of  the  more  recent  of  these.  Cover- 
ing a  consideration  of  the  technical  problems  involved  in  the  maintenance 
of  public  health  and  our  creature  comforts,  its  scope  is,  indeed,  a  broad  one. 
Mr.  Gerhard  sets  forth  the  history  and  present  status  of  sanitation  as  a 
legitimate  branch  of  engineering,  laying  some  stress  upon  the  qualifications 
implied  by  the  title  "  sanitary  engineer."  Such  timely  topics  as  water  supply, 
sewage,  garbage  disposal  and  street  cleaning,  are  included  in  an  interesting 
account  of  the  actual  practice  of  the  sanitary  engineer.  Under  the  title 
of  "  a  half  century  of  sanitation,"  the  development  of  the  science,  both  home 
and  abroad,  is  considered.  The  two  final  chapters  are  devoted,  the  one,  to 
the  practice  of  sanitation  in  Greater  New  York,  the  other,  to  sanitation  in 
Russia.  A  bibliography  at  the  end  of  the  volume  of  the  author's  own  works 
on  this  subject  is  added. 

The  work  covers  the  ground  thoroughly ;  is  written  in  a  fluent  and  enter- 
taining style,  and  should  well  fulfil  its  evident  mission  of  stimulating  a  mo.-e 
widespread  study  of  sanitation.  L.  E.   P. 

Determination  des  Roches.  Par  L.  M.  Granderye,  Docteur  de  I'Universite, 
Ingenieur-Chimiste.  172  pages,  4K'X7i/4  inches.  (Encyclopedic  scien- 
tifique  des  Aide-Memoire.)  Price,  paper,  2  francs  50;  cloth,  3  francs. 
Gauthier-Villars,  Paris,  igo8. 

The  present  volume  is  supplementary  to  the  previous  work  by  the  same 
author,  "  La  Determination  des  Especes  Minerales,"  and  covers  the  same 
ground  in  the  province  of  petrology. 

Theories  and  principles  involved  in  rock  formation  are  first  given, 
followed  by  a  treatment  of  various  methods  of  examination  and  identification 
and,  finally,  an  alphabetical  list  of  250  lithological  specimens  and  a  bibli- 
ography. L.  E.  P. 

A  Course  in  Qualitative  Chemical  Analysis  of  Inorganic  Substances, 
With  Explanatory   Notes.     By  Olin  Freeman  Tower,   Ph.D.,  xii+83 
pages,  6x9  inches.     Price,  $1.00  net.     Philadelphia:    P.  Blakiston's  Sons 
&  Co. 
In  presenting  this  work  the  author  is  mindful  of  the  many  other  manuals 

153 


154  Book  Reviews. 

already  in  print,  and  his  aim  has  been  not  only  to  overcome  their  short- 
comings, but  also  to  present  the  subject  in  accordance  with  its  most  modern 
development. 

An  outline  of  the  principles  of  physical  chemistry  is  given  in  the  intro- 
duction for  convenient  reference  which  should  prove  useful  to  those  who  wish 
to  refresh  their  knowledge  of  the  subject  without  referring  to  an  exhaustive 
treatise.  As  quantitative  analysis  deals  mainly  with  substances  in  solution, 
ionic  formulas  are  freely  used,  but  when  a  knowledge  of  the  actual  salts 
is  of  n-ore  importance,  molecular  formulas  are  given.  Standard  methods  of 
separation  are  employed  with  a  few  exceptions  which  have,  under  the  author's 
direction,  yielded  better  results  in  the  hands  of  students. 

Notes  relating  to  the  procedures  described  are  conveniently  arranged 
on  the  same  or  opposite  page.  There  is  no  index  but  the  detailed  table  of 
contents  should  serve  in  its  stead  in  a  book  of  this  size.  L.  E.  P. 
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The  development  of  the  road  surfacing  of  the  present  day 
has  undoubtedly  been  entirely  due  to  the  introduction  of  the 
automobile,  with  its  astonishingly  widespread  and  general  use 
and  the  rapid  increase  in  its  power  and  speed.  We  will,  how- 
ever, first  briefly  review  the  development  of  the  earlier  roads. 

It  has  been  said  that  the  condition  of  a  nation's  roads  is  a 
measure  of  its  development,  and,  in  g-eneral,  history  has  borne 
this  out. 

We  know  that  the  Incas,  in  Peru,  have  left  us  the  remains 
of  some  wonderful  pieces  of  road  engineering,  while  the  remains 
of  a  stone  tramway,  used  probably  in  the  construction  of  the 
pyramids  in  Egypt  about  4000  B.C.,  is  the  earliest  road  to  which 
we  can  assign  a  definite  date. 

While  the  Greeks  paid  a  great  deal  of  attention  to  their 
roads,  the  Carthagenians,  who  flourished  from  1200-835  B.C., 
were  the  scientific  and  systematic  road  builders.  From  them  the 
Romans  learned  the  art,  and  their  magnificent  system  of  roads 
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connecting  all  parts  of  the  Roman  Empire  attested  to  their 
ability.  This  was  undoubtedly  the  most  extensive  system  of 
national  roads  that  the  world  has  ever  seen;  it  included  in  all 
about  50,000  miles  of  road,  and  it  has  furnished  the  foundations 
for  the  road  systems  of  continental  Euroj)e. 

While  the  Romans  did  not  show  the  engineering-  ability  of 
the  Incas  in  locating  their  roads,  or  the  skill  of  the  Carthagenians 
in  the  =•  ace  finish,  yet  their  work  was  wonderfully  and  sub- 
stantially done.  In  general,  their  roads  were  about  16  feet  wide 
and  were  made  of  four  courses — in  all  about  3  feet  thick. 
The  foundation  consisted  of  two  courses  of  large,  flat  stones 
laid  in  lime  mortar;  the  sub-base,  a  3  to  i  concrete  of  broken 
stones  and  lime,  well  tamped ;  a  filler  course  of  broken  bricks  and 
other  rubbish  mixed  with  lime,  on  which  was  laid  the  wearing 
surface,  made  of  irregularly  shaped  stone  blocks  about  six  inches 
thick,  joined  and  fitted  very  carefully.  These  roads  were  a  bit 
rough,  but  they  safely  bore  the  enormous  weight  of  the  obelisks 
and  statues  that  were  brought  over  them  into  Rome. 

With  the  fall  of  the  Roman  Empire  the  roads  fell  into  ruin 
from  neglect,  and  in  some  cases  were  even  destroyed  as  a  safe- 
guard against  pillagers,  so  that  through  the  Dark  Ages  and  well 
up  to  the  middle  of  the  Eighteenth  Century,  the  so-called  roads 
were  little  better  than  rough  trails  passable  only  in  good  weather. 

The  question  of  the  improvement  of  the  streets  in  the  larger 
cities  was  the  first  step  in  the  reawakening  of  the  interest  in  road 
building.  The  streets  were  usuallv  in  verv  bad  condition,  filled 
with  mud  and  filth  of  every  description. 

In  950  the  streets  of  Cordova,  Spain,  were  paved;  Paris  fol- 
lowed in  1 1 84;  London  in  141 7.  In  general,  a  very  rough 
stone  block  was  used  with  little  attention  to  the  foundation. 

The  French  seem  to  have  been  the  first  to  have  taken  up 
again  the  science  of  road  making.  Beginning  in  1661,  under 
Louis  XII,  they  built  about  15.000  miles  of  stone  road  under  the 
system  of  forced  labor  called  the  "  corvee,"  which  almost  caused 
a  revolution.  Napoleon,  however,  laid  the  real  foundations  for 
the  present  system  of  roads,  by  putting  them  under  the  care  of 
a  national  corps  of  Engineers  of  Bridges  and  Roads,  whose 
members  were  educated  at  the  expense  of  the  state.  This 
progress  was  marked  by  a  very  valuable  report  in  1775  by 
Tresauget,  an  engineer  of  the  district  of  Limoges,  who  pointed 


Development  of  Modern  Road  Surfaces. 


157 


out  the  necessity  for  a  tirm  foundation,  which  he  buih  on  a 
cambered  surface,  of  large  flat  blocks  of  stone  set  on  edge  1)y 
hand,  firmlv  bonded  into  place  with  small  stones  and  spalls. 


Fin.  I. 


Croes'seetlon  Roman  Road. 


Cross  section  French  Road  (Roman  method)   previous  to  1775. 


CrosE   section  of  Tresauguet  Road,    1775. 


Cross  section  Telford  Road,   1820. 


Development'of  broken  stone  roads. 


In  1819  John  L.  Macadam,  an  English  road  engineer,  de- 
veloped a  different  idea,  in  that  he  claimed  that  a  solid  founda- 
tion  was  not  essential,   but  even   injurious.      He  held   that  the 
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ground  wuuld  carry  the  load  it  it  was  properly  spread  over  the 
whole  area  of  the  road  and  kept  dry.  Macadam  made  the 
foundation  entirely  of  broken  stone,  no  piece  of  which  was  to 
weigh  over  6  ounces,  which  would  be  equi\alent  to  about  2^/2 
inches  stone,  and  covered  this  with  a  layer  of  smaller  stones 
rendered  impervious  bv  rolling.  This  is  the  usual  tv])e  of  road 
in  use  to-da}'. 

Fig.  2. 


Basalt  (train. 

About  the  same  time  another  English  engineer,  Thomas 
Telford,  developed  the  old  Tresauget  idea  of  a  rigid  foundation. 
Telford  built  bis  lower  course  as  Tresauget  did,  with  hand-laid 
slabs  on  edge,  but  laid  them  on  a  fiat  base  and  secured  the  camber 
by  using  8-  to  lo-inch  stones  in  the  middle,  and  4-  to  6-inch 
stones  at  the  gutter. 

These  two  types  of  road  construction  have  been  universally 
adopted,  and  both  have  their  advocates.  It  seems  that  the 
Telford  construction  is  somewhat  more  expensive  than  the 
Macadam,  but  is  more  successful  in  poor  ground.     The  rigid 
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foundation,  however,  seems  in  some  cases  to  act  a,s  an  anvil, 
crushing-  the  wearing-  surface  more  (juickh-.  and  thus  resuhing- 
in  a  shorter  hfe  to  the  surfacing  material. 

These  two  men  seem  to  have  developed  all  that  was  neces- 
sary in  stone  road  construction ;  though  manv  moditications 
iiave  been  made  in  the  original  methods  thev  have  onlv  been 
those   necessary  to   adapt   them   to   \-arying-  conditions   and   ma- 
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terials,  and  the   future  de\'elopments  were  in  the  use  of  other 
materials  for  special  purposes. 

The  terms  Macadam  and  Telford  are  now  used  so  indis- 
criminately, and  through  changes  and  modifications  in  the  older 
methods  they  have  so  lost  their  original  significance,  that  I  feel 
the  generic  term  of  broken  stone  road  is  much  to  be  preferred 
in  describing  such  surfaces.  As  this  type  of  road  is  the  basis 
of  our  present  system  of  improved  roads,  we  will  examine  it 
more  closely. 
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In  general,  we  will  have  the  body  of  the  road  transmitting 
and  distributing  over  the  foundation  the  concentrated  loads  from 
the  traffic.  The  body  is  then  made  of  comparatively  large  sizes 
of  broken  stone.  This  is  usually  laid  in  one  or  more  layers  for 
ease  in  rolling,  and  it  is  customary  to  add  a  little  fine  stone  to 
act  as  a  binder,  and  thus  aid  in  compacting.  Since  the  body  of 
the   road   can  only   receive  the  vertical  load   the  binder  is  not 
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really  essential,  as  the  maximum  load  that  it  will  probably  be 
called  upon  to  bear  was  applied  by  the  roller  during  its  con- 
struction. 

The  surface  layer,  however,  must  perform  a  double  function. 
It  must  resist  the  vertical  load  and  varying  strains  introduced  by 
the  traffic  w^hile  remaining  intact.  This  is  essential  in  prevent- 
ing an  excess  of  moisture  reaching  the  bottom  of  the  road,  and 
thence  to  the  foundations,  which  would  result  in  some  disintegra- 
tion from  the  moisture  itself;  but  principally  it  would  result  in 
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softening  and  sinking  of  the  body  of  tlie  road  into  the  founda- 
tion, and  also  render  the  road  liable  to  destructive  lifting  action 
due  to  frost. 

The  continuity  of  this  wearing  surface  is  dependent  upon 
several  properties  of  the  stone — its  hardness,  or  the  power  to 
resist  abrasion  due  to  trai^c,  toughness  or  resistance  to  fracture 
from  shocks,  and  the  cementing  or  binding  power,  which  is  the 
property  possessed  by  the  rock  dust  after  being  wet,  of  acting  as 
a  cement  and  binding  the  coarser  particles  in  the  surface  together, 
thus  fonning  an  imi)ervious  layer  over  the  road  and  permitting 
the  wearing-  surface  to  perform  its  proper  functions. 

The  binding  or  cementing  value  is  probably  the  most  im- 
portant j)roperty  of  the  road  metal,  as  its  existence  is  absolutely 
essential  to  the  success  of  the  road.  The  following  extract  from 
a  table  published  by  the  Office  of  Public  Roads  gives  the  values 
of  these  different  properties  for  some  of  the  commoner  rocks 
used  in  road  building: 

CHARACTERISTICS  OF  ROAD  METALS. 


Hardness.  Toughness.       Cementing  Value. 


Max.  Min.  Max.  Min.  Max.  Min. 

Basalt  (trap) 19.2  5.9  39  6  500+           4 

Diabase  (trap) 19.2  12.8  54  4  500+           2 

Chert 19-7  12.7  26  5  106              4 

Dolimite 18.3  4.4  27  4  179 —          9 

Limestone 19.  i  o  25  2  500+  10 

Quartzite 19- 7  16.5  3°  5            45              o 

Sandstone 19 -5  o  60  2  500+          3 

Granite 19.2  136  31  2  255              3 

These  results  are  interpreted  as  follows  : 

Hardness Soft — 14        Medium 14—  17  Hard 17  + 

Toughness ...Low — 14         Medium 13 —  19  High 19  + 

Cementing  value.  .Low — 10         Fair 10 —  25  Good 26  —  75 

Very  good ...  7  6 — 1 00  Excellent  .  .100  + 

The  moisture  content  in  Macadam  roads  is  an  exceedingly 
important  factor  in  its  condition  and  life.  ]\Iany  rocks  do  not 
develop  their  full  cementing  power  until  thev  have  been  thor- 
oughly moistened  for  several  days  to  a  week,  so  that  in  the  con- 
struction of  roads  it  is  exceedingly  important  that  ample  w'ater 
should  be  supplied  during  the  rolling.  In  order  that  this  cement- 
ing bond  may  be  retained  and  its  full  strength  developed,  it  is 
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quite  essential  that  some  moisture  should  always  be  present  in 
the  surface  of  the  road,  otherwise,  especially  with  certain  classes 
of  rocks,  the  bond  is  lost  entirely  when  the  surface  l:)ecomes  dry, 
and  in  general  it  is  weakened  to  a  considerable  extent.  In  this 
connection,  we  must  remember  that  the  surface  of  a  Macadam 
road  is  constantly  being  worn  away  and  reformed  by  the  grind- 
ing action  of  the  steel  tires  of  the  traffic,  bringing  fresh  portions 


Quartzite. 


of  the  rock  dust  into  play  to  replace  those  lost  bv  the  elYects  of 
wind,  rain  and  traffic.  \\'hile  we  desire,  and  must  have,  a 
certain  amount  of  moisture  in  the  surface  of  the  road,  yet  it  is 
exceedingly  important  that  this  moisture  should  be  kept  from 
the  foundation  for  the  reasons  that  were  explained  above. 

The  cjuestion  of  moisture  is  exceedingU-  important  in  all 
roads,  as  even  the  common  clay  or  dirt  road,  if  proj^erly  dragged 
and  containing  sufficient  moisture  to  develop  the  plastic  properties 
of  the  clav  to  just  the  right  extent,  will  yield  an  exceedingly 
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smooth  and  resilient  surface,  pleasant  to  drive  over  and  amply 
strong-  to  resist  tiie  ordinary  farm  traftic.  Unfortunately,  how- 
ever, the  effect  of  moisture  is  so  important  that  a  very  small 
variation  either  wav  renders  the  road  either  muddy  and  full  of 
ruts  or  very  dusty. 

Thus,  the  theory  of  the  broken  stone  road  recjuires  that  the 
fine  powder  that  is  ground  from  the  wearing  surface  shall  furnish 
the  cementing  bond  between  the  stone  particles  composing  it. 
Under  theoretical  conditions,  this  wear  should  just  equal  the 
amount  removed  by  the  traffic,  wind,  and  rain,  so  that  the 
surface  voids  should  always  remain  filled.  Practically,  however, 
the  rock  must  be  somewhat  softer  so  that  there  \\ill  be  an  excess 
of  dust  ix)wder  always  present.  On  the  other  hand,  as  is  seen 
in  even  an  asphalt  street  where  no  dust  is  made  by  the  surface, 
there  is  a  constant  accumulation,  from  the  surroundings  and  the 
traffic,  of  a  considerable  quantity  of  detritus,  which  under  the 
action  of  the  traffic  is  ground  into  dust. 

We  mav  thus  classify-  this  phenomena  into  two  classes.  Pre- 
ventable, as  applying  to  that  due  to  the  road  surface,  and  unavoid- 
able, that  due  to  the  traftic.  The  following  table  gives  the  quan- 
tit}-  of  dust  removed  from  dift'erent  classes  of  pa\-ements  in  cubic 
yards  per  dav  from  1000  square  }-ards  of  road  surface: 

Kind  of  surface.  Dust,  cu.  yds.  per  day. 

Asphalt     007-.04 

Wood   block    04  -07 

Granite    07  -.25 

Macadam    10  -.35 

A\'hen  the  road  surfaces  are  dry,  anv  disturbance  of  them 
naturallv  raises  the  dust  to  some  extent.  \\  itii  the  slow-moving 
farm  wagon  it  is  inappreciable,  but  with  the  hig-h-bodied  and 
narrow  steel-tired  bugg}',  moving  up  to,  say,  8  or  10  miles  an 
hour,  the  bulk  of  the  dust  is  caused  by  the  hoofs  of  the  horses, 
as  the  height  of  the  body  of  the  wagon  as  well  as  its  slow  speed 
is  not  favorable  to  the  formation  of  eddy  currents  that  would 
tend  to  keep  the  dust  in  the  air,  so  that  unless  a  large  number  of 
vehicles  passed  in  succession,  or  were  driven  at  an  unusual  rate 
of  speed,  the  dust  would  not  seriously  inconvenience  any  one. 
In  some  experiments  made  under  the  direction  of  Mr.  L.  A\  . 
Page,  of  the  Oftice  of  Public  Roads,  assisted  by  the  Engineers 
of  the  A.  L.  A.  M.,  it  was  shown  that  a  single  horse  and  buggy 
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traveling  at  10  miles  per  hour  raised  dust  about  8  feet,  and  at 
15  miles  per  hour  about  15  feet,  or  about  the  same  dust  that 
would  be  raised  by  a  motor  car  going  three  times  as  fast. 

We  have  been  speaking  heretofore  of  macadamized  or  broken- 
stone  roads.  Now,  however,  when  we  consider  the  ordinary 
dirt  road,  the  surface  of  which  in  dry  weather  may  be  several 
inches  deep  in  dust  which  is  so  fine  that  when  disturbed  it  hangs 
in  the  air  for  a  considerable  length  of  time,  adding  to  this  a 
climate  where  for  9  months  out  of  12  the  sun  shines  continu- 
ously, we  have  the  conditions  in  lower  California  that  brought 
about  the  first  serious  attempts  to  alleviate  this  nuisance.  In  the 
large  cities  and  suburbs,  sprinkling  with  water  had  been  tried, 
and  also  sea  water,  the  salts  of  which  are  deliquescent  and  tend 
to  retain  moisture  in  the  road  surface,  but  they  have  an  in- 
jurious effect  on  horses'  hoofs  and  on  the  boots  of  pedestrians. 

In  about  1894  a  short  stretch  of  road  in  Los  Angeles  County 
was  sprinkled  with  the  heavy  crude  oil  that  is  found  there,  with 
beneficial  results  as  far  as  laying  the  dust  was  concerned,  but 
with  many  drawbacks  that  resulted  from  the  experimental  char- 
acter of  the  work,  such  as  uneven  distribution  of  the  oil.  which 
formed  puddles  that  destroyed  the  varnish  on  carriages  and 
splashed  on  passers-by.  The  subject  lay  more  or  less  dormant 
until  1898,  when  interest  was  renewed  in  it,  and  methods  were 
adopted  which  resulted  in  overcoming  the  fonner  difficulties. 
The  subject  was  also  attracting  considerable  attention  in  France, 
where  the  extensive  use  of  automobiles,  especially  at  the  famous 
watering  places  along  the  Riviera,  had  defied  the  best  efforts  of 
sprinkling.  Beyond  the  discomfort  produced  by  the  dust,  the 
hygienic  effects  were  discussed  by  a  nimiber  of  Continental 
physicians,  among  them  Drs.  Schottelius  and  Gughelminette. 
who,  in  1 90 1,  made  an  extensive  study  on  the  effects  of  dust  in 
spreading  disease,  and  recommended  that  strenuous  efforts  be 
made  to  abate  it.  That  the  increasing  use  of  the  automobile  was 
responsible  for  this  awakening  in  interest  is  undoubted,  so  we 
will  briefly  discuss  its  development  with  reference  to  this  subject. 

The  first  steam  road  wagon  was  invented  by  Cugnor  about 
1 765-1 769,  but  the  real  start  in  the  industry  came  in  1886,  when 
Gottlieb  Daimler  succeeded  in  interesting  Panhard  and  Levassor. 
a  wealthy  firm  of  carriage  builders,  in  a  four-cycle  motor. 
Daimler's  first  patent  was  issued  in  1887,  but  a  motor  cycle  was 
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patented  in  1885,  and  the  tirst  Benz  patents  for  a  two-cycle  belt 
drive  machine  was  issued  in  1886.  The  first  Panhard  car  was 
exhibited  at  the  Universal  Exposition  in  1889.  In  America 
there  were  a  great  many  early  experimenters,  among  them 
Austin,  Ripley,  Duryea,  Morris  &  Salom,  Hayes  and  Apperson, 
and  Maxim,  and  the  first  public  competition  was  organized  by 
the  Chicago  Times  Herald  in  1895  ^or  a  road  race  from  Chicago 
to  Waukegan.  There  were  84  entries;  seven  started  and  only 
one  car  finished,  the  Duryea.  The  development  of  the  machine 
may  be  shown  by  the  following  table  of  the  wheel  base,  power 
and  speed  developed  1)v  the  winners  of  the  Grand-Prix  or  the 
important  race  if  this  was  not  run. 


DEVELOPMENT  OF  THE  AUTOMOBILE. 


1896. 
1898. 
1899. 
1900. 

1901 . 

1902 . 
1903. 
1904. 

1905- 
1906. 
1907. 
1908. 


67 


79 


4080 
2600 


114 


2204 
Restricted 

Restricted 

Restricted 

Restricted 


6, 

.0 

16. 

0 

40. 

,0 

80, 

.0 

106 

.  0 

Year. 

Wheel  Base. 

Weight. 

Power. 

Speed. 

1894 

1895 

Inches. 
51 

Pounds. 
2030 

H.  P. 

3-8 

Miles  per  hour. 
12.6 
14-3 

26.8 

29.0 

38.0 

43 -o 
54-3 
56.8 
61 .7 
61.8 
62 . 7 
70.6 
74-3 


While  these  speeds  were,  of  course,  only  attained  by  specially 
constructed  machines,  the  average  touring-  machine  developed 
about  one-half  of  the  racing  speed,  while  its  weight  ran  fre- 
quently very  much  in  excess  of  the  racing  weights  which  are 
for  the  stripped  machines.  By  1901,  then,  we  would  have 
touring  machines  averaging  20  miles  per  hour,  and  this  same 
year  we  find  a  discussion  of  the  possibility  of  their  effect  on  the 
Macadam  roads  at  a  meeting  of  the  British  Association. 

With  the  now  rapidly  increasing  speed  the  dust  nuisance  was 
enormously  increased,  and  the  question  of  possible  deterioration 
of  the  roads  assumed  more  importance.  During  1903  complaints 
began  to  come  in,  and  in  1904  the  discussion  was  very  general 
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in  tlie  technical  press,  but  many  road  engineers  as  yet  failed  to 
notice  any  marked  deterioration  until  1905,  when  every  one 
connected  with  tlie  maintenance  of  ])roken-stone  roads  found 
that  they  were  rapidly  ra\elling  and  disintegrating'. 

This  resulted  in  the  appointment  in  1906  of  a  Royal  Commis- 
sion in  Great  Britain  to  investigate  the  matter,  and  a  general 
warning  was  sounded  at  the  meetings  of  the  various  scientific 
societies,  where  the  subject  was  discussed  of  the  failure  of  the 
existing  methods  of  road  construction  to  withstand  the  high- 
speed motor  traffic. 

Fi<;.  6. 


Ten  miles  per  hour. 

The  first  appreciable  etiect  of  the  passage  of  a  rapidly  moving- 
motor,  is  the  dense  clouds  of  dust  that  appear  to  envelop  the 
rear  of  the  machine.  On  roads  that  are  in  very  good  condition 
with  but  little  surface  dust,  we  can  study  the  problem  more 
easily,  and  from  some  photographs  made  by  Mr.  Logan  Page. 
Director  of  the  Ot^ce  of  Public  Roads,  we  see  how  the  dust  is 
increased  as  the  speed  rises.  Up  to  20  miles  per  hour  it  is  not 
important  on  a  good  road,  but  above  this  it  increases  rapidl}'. 

At  the  tests  formerly  mentioned  in  connection  with  the  dust 
due  to  carriages,  a  number  of  experiments  were  also  carried 
out  with   motor  cars   of  different   makes.      Tlie   road   had   been 
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given  a  thin  layer  of  dust,  and  the  following  average  observations 
were  made  with  the  eye  as  to  the  height  of  dust  raised  by  the 
machines  at  increasing  speeds : 

Miles    per    hr 10  20  30         40         50  60 

Height   of   dust 6  in.       2.5  it.        5  ft.      9  ft.      12.5  ft.      22.5  ft. 


On  examining  closely  the  tracks  made  by  a  rapidly  moving- 
machine,  we  see  that  for  a  space  2  to  4  inches  wide  the  road 
surface  appears  perfectly  clean  and  free  from  dust,  the  heavier 
particles  of  which  are  spread  in  little  ridges  on  each  side  of  the 
track.      Xow  from  our  notes  on  tlie  dust  nuisance,  we  see  that 

Fig.  7. 


Twenty  miles  per  hour 

the  theorv  of  the  broken-stone  road  requires  the  presence  of  this 
cementing  bond  of  road  dust  to  hold  the  stones  of  the  wearing 
course  in  position  to  withstand  a  vertical  load,  as  this  is  the  only 
direction  that  a  load  can  come  on  a  road  from  ordinary-  horse- 
drawn  traffic,  as  in  this  case  the  wheels  serve  only  as  rolling- 
supports  for  the  load.  Xow,  on  the  other  hand,  when  we  have 
an  automobile,  the  driving  wheels  present  in  addition  to  this 
function,  that  of  delivering  to  the  road  the  couple  produced  by 
the  motor,  and  this  materially  changes  the  direction  of  the  strain 
produced  at  the  area  of  contact  of  the  tire  tread  and  the  road. 
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This  action  between  the  tires  and  the  road  has  been  the 
subject  of  considerable  cHscussion,  and  a  number  of  theories 
have  been  advanced  to  account  for  the  action  of  the  motor  tires 
in  sweeping  the  surface  dust  from  the  road.  The  earlier  idea 
was  that  this  was  caused  by  the  suction  produced  on  the  roac! 
surface  when  the  rear  of  the  tire  suddenly  leaves  the  road.  Mr. 
Page,  from  his  photographs,  showed,  however,  that  this  would 
only  account  for  but  a  fraction  of  the  effect,  as  his  photographs 
clearly  showed  that  while  there  w^ould  be  considerable  dust  from 

Fig.  8. 


Forty  miles  per  hour 

the  rear  wheels,  yet  the  front  wheels  were  practically  free  from; 
it.  Another  theory  attributed  it  to  the  longitudinal  stretching 
of  the  rubber  tread  under  the  influence  of  the  tangential  force 
exerted  by  the  rim.  While  all  of  these  causes  may  contribute  to- 
the  general  effect,  it  is  undoubtedly  due  principally  to  the  shearing 
strain  put  on  the  upper  surface  of  the  road  bed  by  the  horizontal 
component  of  the  driving  couple  of  the  motor  exerted  at  the  tire 
tread. 

This  subject  has  been  discussed  by  M.  Girardanet  in  Le 
Genie  Civil  for  August,  1908,  and  by  M.  Mahieu,  in  a  paper 
presented  at  the  First  International  Road  Congress  in  Paris  last 
year. 
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Mr.  Maliieu,  who  discusses  the  subject  more  broadly,  has 
taken  up  the  question  of  the  vakie  of  the  horizontal  component 
of  the  stress  on  the  road  surface,  and  has  given  a  number  of 
formulae  for  its  envaluation.  He  shows  that  its  value  cannot 
exceed  7':^  Nf  =  maximum  or  limiting  value  where  N  ^= 
weight  on  a  driving  wheel,  f  =  coeff.  of  friction ;  otherwise  the 
wheel  would  slir^,  and  that  in  sreneral  it  will  have  a  value 


T  =  {      — iV)fi  +  — +     ± 

\2  /     '         2g  2 


+        ± 
2g 


Where 

T  =  horizontal  component. 

P  =  weight  of  machine. 

AT  =  reaction  normal  to  road  surface  of  a  driving  wheel. 

/i  =coeff.  of  traction  (varies  from  .025  in  a  Macadam  road  to  .02  on 

a  paved  street), 
o  =  acceleration  of  the  machine, 
g  =  acceleration  due  to  gravity. 
,4=resistance  due  to  air,  this  assumed  to  be   equal    to    A  =  k.s.S, 

where    iv  =  coeff.  =  .088  ;    5  =  vertical    section    of     machine; 

5  =  speed  meters  per  second. 

Pi 
This  is  assuming  a  level  road,  and  the  expression   ±        is  the 

change  due  to  an  ascending  or  descending  grade. 

Pv^ 
To  this  must  also  be  added  on  curves  the  terms 

gr 
Where  t'  =  speed. 

r  =  radius  of  the  curve. 

The  first  term  in  this  expression,  is  on  a  level  road  at  a  uni- 
form rate  of  speed  the  important  factor.  The  second  terms  are 
important  when  starting — or  in  increasing  the  speed  at  any  time, 
particularly  when  approaching  and  ascending  a  hill.  The  third 
term  becomes  important  with  any  machine  at  high  speed,  and  with 
limousine  bodies  having  a  large  vertical  section.  Furthermore,  in 
case  of  depressions  there  is  a  further  momentary  increment  equal 
to  d.P.h.  Where  d  is  the  fraction  of  the  weight,  P  on  a  driving 
wheel,  and  h  =  depth  of  the  depression.  This  term  is  in  a 
vertical  direction,  and  it  causes  the  horizontal  component  to  take 
a  slight  angle  to  the  surface,  thus  exercising  a  more  distinctive 
lifting  action,  and  explaining  why  a  roug^h  road  is  more  quickly 
stripped  than  a  smooth  one.  It  must  be  remembered  that  in  no 
case  can  the  sum  of  these  terms  exceed  Nf.  They  also  discuss 
the  question  of  "  skidding."  and  show  that  a  certain  speed  as 
relating  to  the  coeff.  of  friction  is  required  to  produce  it. 

In  general />  .1019    • 
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serves  to  connect  tliese  quantities  on  curves.  The  usual  values  of 
/  with  ]>neumatic  tires  are  .35  on  jjaved  streets  and  .6  on 
]\Iacadam  roads.  They  show  that  the  value  of  the  anti-skidding 
de^■ices  in  general  use  (rivet-studded  hands)  is  due  to  the  con- 
centration of  the  weight  on  the  smaller  area  of  the  rivet  heads 
as  against  the  larger  area  of  a  plain  tread.  Thev  give  the  result 
of  one  experiment,  where  tlie  pressure  per  square  inch  of  contact 

Fig.  q. 


Eighty-five  miles  per  hour. 


with  a  plain  tread  tire  was  30.6  pounds  per  square  inch,  while 
an  anti-sKid  tire  it  was  145.5  px^unds  per  square  inch  of  the  rivet 
head. 

It  is  this  greatly  increased  pressure  which  causes  the  rivet 
heads  to  penetrate  the  surface  of  the  road,  even  with  asphalt, 
that  enables  the  device  to  accomplish  its  work,  and  they  call 
attention  to  the  fact  that  stringent  regulations  should  be  en- 
forced limiting  these  devices  to  flat,  circular  plates  at  least  .4 
inch  in  diameter  and  not  over  .12  of  an  inch  in  height,  and 
absolutely  free  from  any  sharp  or  cutting  edges. 
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The  severe  grinding  action  due  to  sudden  application  of  the 
brakes  is  gone  into,  and  a  formula  is  given  showing  the  relation 
between  the  speed  and  the  distance  that  a  machine  will  travel 
with  locked  wheels.     It  is 


(pf  +  Kp) 


e=^   .  t^ 


Where  p  =  weight  on  the  breaking  wheel. 
/   =coeff.  of  friction. 
i^  =  coeff.  =  .o2. 

e  =  distance  traveled  after  locking  wheels. 
P  =  weight  of  machine. 
V  =speed. 
g  =  acceleration  due  to  gravity. 

In  this  case  the  maximum  value  of  T  is  obtained,  i.e.  =  N  F, 
and  explains  the  phenomena  noted  on  any  roads,  where  the 
machines  must  stop  quickly  at  cross-roads  and  turns,  where  the 
road  surface  is  very  badly  worn. 

In  general,  they  show  that  this  shearing  effect  is  much  greater 
than  has  been  assumed,  and  that  it  has  been  experimentally 
proven  that  it  must  frequently  attain  its  maximum  value,  by  the 
fact  that  the  experiments  by  Mr.  D.  ]\Iackensie  have  shown 
that  the  driving  wheels  of  a  motor  car  travel  considerably  further 
than  the  front  or  carrying  wheels. 

They  consider  that  there  should  be  an  equilibrium  between 
the  possible  torque  at  the  tire  tread  and  the  weight  of  the 
machine,  or,  in  other  words,  the  weight  per  brake  horse-power 
should  be  increased  rather  than  decreased  until  the  motor  could 
not  slip  the  wheels.  Under  these  conditions,  they  seem  to  advo- 
cate properly  constructed  anti-skidding  devices  to  insure  that  this 
action  should  not  take  place  under  unusual  conditions.  In  the 
tests  previously  described,  the  use  of  chains  at  20  and  40  miles  per 
hour  perceptibly  reduced  the  dust  as  compared  with  smooth  tires. 
We  have  usually  assumed  that  anti-skidding  devices  were  dis- 
tinctly disadvantageous  to  the  road  siuTace,  and  under  the 
present  ratio  of  engine  power  to  weight  this  is  undoubtedly  true, 
as  thev  may  act  as  veritable  grind-stones  on  the  road  surface ;  yet 
given  a  greater  weight  per  horse-power  as  above,  they  may  yet 
serve  a  useful  purpose  in  preventing  the  development  of  the 
maximum  value  of  T. 

We  feel  that  the  above  represents  in  general  our  present 
knowledge  as  to  the  causes  which  move  the  surface  particles  of 
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the  road  and  separate  them  from  the  matrix  of  the  road  when 
they  are  blown  about  and  scattered  about  by  the  strong  eddy 
currents  set  up  by  the  compression  of  the  mass  of  air  in  front 
of  the  machine  by  its  rapid  passage,  and  the  rapid  inrush  of  air 
from  all  sides  of  the  car  to  fill  the  partial  vacuum  thus  created. 

Granted  that  we  do  sweep  the  dust  from  the  road,  what  effect 
is  produced  ? 

When  the  cementing  bond  is  removed  from  the  stones  form- 
ing the   wearing   surface   of   a   road,    it    immediately   becomes 

Fig.  10. 


Road  wear  due  to  automobiles. 


porous  and  allows  the  infiltration  of  any  surface  moisture,  carry- 
ing with  it  the  detritus  of  the  road  surface.  This  foreign  matter 
has  no  bonding  value,  and  acts  indeed  as  a  lubricant,  pennitting 
a  movement  between  neighboring  stone  particles  under  the  action 
of  the  vertical  and  horizontal  stresses  imposed  upon  them.  This 
results  in  a  crushing  action  and  a  loosening  of  the  wearing  sur- 
face in  its  matrix.  When  this  occurs,  the  horizontal  stress 
tears  the  stone  from  its  bed  and  scatters  it  on  the  roadside.  The 
road  is  now  said  to  be  ravelling,  and  once  started  it  proceeds 
rapidly,   until  the   whole   wearing   surface  has  been  torn   from 


Development  of  Modern  Road  Surfaces.  173 

the  sub-base  and  scattered  on  the  road,  thus  exposing  the  No.  2 
stone.  As  this  course  was  never  intended  to  do  anything  but 
transmit  the  vertical  surface  load  to  the  foundations,  and  is  not 
bonded,  it  is  rapidly  disintegrated.  Some  photographs  taken  by 
Mr.  C.  W.  Ross,  at  Newton,  Mass.,  show  that  in  places  nearly 
6  inches  of  the  road  surface  had  been  cut  away  and  scattered  to 
the  gutters.  On  each  side  of  important  cross-roads  in  our  park 
systems,  where  automobiles  have  to  stop  and  start  while  waiting 
for  their  turn,  the  action  is  very  noticeable,  and  also  at  the  foot 
of  hills.  On  curves,  as  we  have  shown  above,  this  action  is 
accentuated,  and  it  results  in  carrying-  the  crown  bodily  over  to 
the  outer  edge  of  the  road.  Some  interesting  observations  have 
been  made  on  the  roads  in  France  and  Germany  ])efore  and  after 
some  of  the  notable  road  races  which  have  conhrmed  these  views. 
M.  Mahieu,  in  reporting-  the  work  of  the  sub-committee  that 
investigated  the  roads  at  Hombourg,  Lisieux  and  Diepj>e,  sum- 
marizes the  effect  of  high  speed  motor  traffic,  as  follows: 

1.  It  sweeps  away  the  cementing  surface  material  that  holds 
the  stones  of  the  wearing  surface  tog'ether,  and  i)revents  them 
from  crushing  one  another. 

2.  It  tears  these  little  stones  from  their  sockets  and  throws 
tliem  on  the  sides  of  the  road. 

With  reference  to  this  latter  point,  it  is  interesting  to  note 
that  during  the  Grand-Prix  held  in  1906,  three  machines  had  to 
withdraw  from  the  race  by  having  their  radiators  smashed  by 
stones,  torn  from  the  road  surface  and  hurled  into  them  bv  the 
rear  wheels  of  the  preceding-  machine. 

As  we  have  seen  the  disastrous  effects  produced  on  Macadam 
roads  by  high-speed  motor  traffic,  it  is  not  strange  that  during 
the  years  1 907-1 908  there  was  a  great  deal  written  on  this 
subject,  and  the  feeling  of  some  of  the  leading  road  engineers 
and  highway  commissioners  may  well  be  quoted  as  showing  that 
the  enormous  increase  in  the  cost  of  maintenance  rendered  neces- 
sary concerted  action  on  the  part  of  all  road  engineers  to  save 
the  thousands  of  miles  of  broken  stone  road  subjected  to  motor 
traffic  from  ravelling  and  eventual  disintegration. 

The  following  quotations  will  show  the  drift  of  this  opinion: 

"  Experience  has  proved  that  the  broad  pneumatic  tires  of 
heavy  motor  cars  at  high  speed  draw  out  the  small  particles 
which  bind  the  material  of  a  macadamized  road.   .   .   .   Motors 
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have  come  to  stay,  and  the  road  builders  mean  to  make  the  roads 
fit  to  carry  them."  Proc.  of  I.  C.  E.  (Great  Britain),  Septem- 
ber, 1906. 

"  In  recent  years  perhaps  the  most  important,  and  certainly 
the  most  difficult  problem  which  has  engaged  the  attention  of 
highway  engineers,  is  the  prevention  of  dust.  .  .  .  The  problem 
has  now.  however,  assumed  a  more  serious  aspect.  The  ex- 
istence of  our  Macadam  roads  depends  upon  the  retention  of  the 
road  dust  formed  by  the  wearing  surface.  But  the  action  of 
rubber-tired  motor  cars  moving  at  high  speed  soon  strips  the 
Macadam  road  of  all  fine  material,  the  result  being  that  the  road 
soon  disintegates. 

''  This  is  a  subject  which  should  engage  the  earnest  attention 
of  the  National  Government  at  once."  1907  Report,  Office  of 
Public  Roads,  Mr.  Logan  W.  Page. 

"  Perhaps  the  most  important  discovery  of  the  year  is  the 
extraordinary  destructive  effects  upon  stone  roads  of  the  large 
number  of  rapidly  moving  automobiles.  .  .  .  The  commission 
is  satisfied  that  a  material  change  in  the  methods  of  maintaining 
stone  roads  must  be  made.  While  old  methods  have  proved 
satisfactory  in  the  past,  they  fail  under  the  present  usage." 
1907  Report  of  Massachusetts  Highway  Commission. 

^^'hile  there  are  two  phases  to  this  cjuestion  of  road  treatment, 
i.e..  the  elimination  of  the  dust  nuisance  and  the  preservation 
of  the  roads,  yet  ^vith  broken-stone  roads  these  two  are  coincident 
to  a  great  extent,  and  may  be  considered  together.  In  other 
words,  if  we  can  prevent  the  formation  of  dust  and  thus  preserve 
the  cementing  rock  binder  in  the  wearing  surface  to  a  very 
considerable  extent  we  will  preserve  the  road  from  deterioration. 
On  the  other  hand,  we  must  remember  that  even  though  we 
present  a  wearing  surface  which  shall  be  proof  against  the 
destructive  effect  of  high-s|)eed  motor  traffic,  we  only  eliminate 
the  dust  coming  under  the  first  heading,  i.e.,  preventable  dust,  so 
that  we  would  still  have  the  dust  due  to  the  traffic  and  surround- 
ings to  contend  with. 

There  are  then  four  general  methods  to  approach  this 
problem. 

1.  We  may,  by  suitably  treating  the  road  surface,  i.e.,  by 
moistening  or  tarring,  prevent  the  dust  rising. 

2.  By  incorporating  in  the  body  of  the  present  broken  stone 
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road  binding  and  bonding  materials,  so  that  the  road  surface 
should  resist  the  shearing  action  of  the  driving  wheels,  such  as 
tar  Macadam. 

3.  By  making  a  homogeneous  solid  surface  that  is  unaffected 
by  the  traffic,  such  as  cement. 

4.  By  the  use  of  hard  blocks  or  setts  that  are  proof  against 
the  action  of  the  traffic,  such  as  Klempflaster.  We  will  have 
then  the  following  eight  methods  that  are  in  use  at  present,  and 
which  we  proceed  to  consider  more  in  detail  as  representing  the 
efforts  that  are  being  made  at  present  to  hold  the  dust  nuisance 
in  check  and  to  preserve  our  roads,  (a)  Sprinkling  with  water. 
(b)  Sprinkling  with  solutions  of  hydroscopic  salts.  (c) 
Sprinkling  with  emulsions  of  an  oily  or  bituminous  nature.  ((/) 
Surface  coating  with  oils.  ( c)  Surface  coating  with  tars. 
(/)  Incorporating  oils  or  bitumens  in  the  road  material  in 
making  the  road,  (g)  Building  roads  with  cement  surfaces. 
(h)    Building  surfaces  of  small  blocks  or  setts. 

While  the  use  of  water  sprinkling  has  been  almost  the  uni- 
versal method  for  controlling  the  dust  on  broken  stone  roads,  it 
has  many  disadvantages. 

In  the  first  place,  it  is  only  applicable  to  cities,  parks,  and 
suburbs,  where  there  is  an  ample  water  supply  at  the  roadside. 
The  action  of  the  water  is  of  very  short  duration,  depending-  on 
the  humidity,  temperature,  and  velocity  of  wind.  This  necessi- 
tates putting  on  a  greater  quantity  of  water  than  would  otherwise 
be  desirable  in  order  to  secure  a  more  lasting  effect.  So  that 
immediately  after  the  application  the  surface  of  the  road  is 
softened  and  becomes  muddy;  in  this  condition  the  action  of  the 
motor  traffic  is  particularly  destructive.  This  mud  dries  out 
after  20  to  30  minutes,  and  for  from  i  to  3  hours,  depending 
on  the  atmospheric  conditions,  the  road  will  be  free  from  both 
mud  and  dust.  However,  as  the  evaporation  continues,  the 
surface  again  becomes  dry  and  dusty,  when  the  operation  must 
be  repeated. 

The  sprinkling  given  the  road  is  usually  more  adapted  to  the 
money  allotted  than  to  the  requirements  of  the  road.  In  many 
cities  they  do  not  commence  to  sprinkle  before  June,  and  stop 
at  the  end  of  September.  Thus,  the  roads  are  unprotected  from 
the  high  winds  of  the  spring  and  fall,  that  do  a  great  deal  of 
damage  to  the  surface,  as  it  is  then  more  or  less  loosened  by  the 
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winter  frosts  or  the  usually  more  intense  traffic  of  the  summer 
months.  In  these  places  two  applications  a  day,  one  about  ten  in 
the  morning-  and  the  other  at  three  in  the  afternoon,  are  used, 
thus  giving-  a  fairly  dustless  road  through  6-8  of  the  busiest 
hours  of  the  day,  or  about  half  of  our  usual  living  day. 

In  many  of  our  parks,  however,  where  more  money  is  avail- 
able, especially  in  Boston  and  the  vicinity,  where  they  sprinkle 
throughout  the  year  whenever  the  dust  flies  and  the  then^nometer 
is  above  34°  F.,  this  results  in  a  sprinkling  season  of  over  200 
days,  and  requires  on  some  days  as  high  as  six  trips  of  the  cart. 

This  excessive  amount  of  surface  moisture  cannot  fail  to  have 
a  destructive  effect  on  the  bonding  value  of  the  road  metal,  as 
it  is  an  intensified  action  of  the  usual  atmospheric  agencies  that 
are  credited  with  about  30  per  cent,  of  the  annual  deterioration, 
the  action  of  the  horses'  hoofs  45  per  cent.,  and  the  wheels  25  per 
cent.,  for  ordinary  light-tired  vehicles. 

Under  any  conditions,  unless  night  sprinkling  were  resorted 
to,  we  could  only  expect  to  keep  the  roads  dustless  by  sprinkling 
about  12  hours  out  of  the  24,  so  that  watering  may  be  dismissed 
as  of  but  little  value  at  the  present  time. 

USE  OF   HYDROSCOPIC  SALTS. 

The  rapid  evaporation  of  water  from  the  surface  of  the  road, 
and  its  fugitive  value  as  a  dust  layer,  has  led  to  attempts  to 
retain  the  moisture  in  the  road  b}-  the  use  of  deliquescent  or 
hydroscopic  salts  which  would  abstract  moisture  from  the  air. 
The  use  of  sea  water  was  probably  the  first  attempt  to  make  use 
of  this  principle,  but  its  hydroscopic  action  is  quite  feeble,  and  the 
resulting  salts  had  a  very  destructive  and  corrosive  action  on  the 
lioofs  of  horses,  the  varnish  of  carriages,  pedestrians'  shoes,  and 
"On  all  metal  surfaces  with  which  thev  might  come  into  contact, 
so  that  while  spasmodic  attempts  have  l>een  made  to  utilize  it  they 
have  all  been  abandoned.  In  order  to  find  a  neutral  substance  that 
would  have  the  desired  characteristics,  experiments  were  made  as 
early  as  1828  with  calcium  chloride,  which  has  since  been  quite 
extensively  used  for  this  purpose. 

Several  patented  preparations  have  lately  come  on  the  market, 
such  as  Aconia,  a  secret  compound :  Lyminite,  a  mixture  made 
by  fusing  NaNO.;,  NaCl  and  CaO.  and  dissolving  in  water; 
Panscale,  the  residue  from  brine  evaporators,  and  Fitzsimmon's 
Patent  Dust  Layer,  a  sodium  silicate.     These  patented  prepara- 
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tions  seem  to  be  no  more  efficient  than  the  calcium  chloride, 
and  are  considerably  more  expensive.  The  general  method  is  to 
apply  at  the  beginning  of  the  season  two  strong  coatings,  about 
a  week  apart,  using  about  .25  pounds  of  chloride  per  square 
yard,  and  then  continuing  with  weaker  solutions  of  about  Vio 
of  a  pound  per  square  yard  at  intervals  of  3  to  5  weeks,  as  the 
atmospheric  conditions  require.  In  England,  the  practice  seems 
to  tend  toward  the  use  of  more  salt  with  fewer  applications, 
using  up  to  3  per  season.  They  usually  estimate  that  sprinkling 
with  plain  w^ater  is  required  from  i  to  2  times  per  week 
between  the  salt  applications.  It  is  necessary,  however,  after 
very  hard  rains  to  immediately  apply  the  salt  solution  again, 
as  owing  to  its  being  very  soluble  it  is  all  washed  from  the  road. 
Although  the  calcium  chloride  has  no  specific  bonding-  value,  yet 
its  use  is  immediately  apparent  on  the  road  surface.  The  surface 
becomes  darker  in  color  from  the  moisture  and  iron  in  the  salts, 
and  appears  of  a  very  close  and  compact  texture,  due  to  the 
surface  retaining  all  dust  and  thus  sealing  the  voids.  Ravelling 
is  prevented  to  a  considerable  extent,  and  what  little  dust  may  be 
lifted  seems  to  be  very  heavy,  so  that  it  drops  back  almost  imme- 
diately, so  that  in  general  we  may  say  that  its  use  is  beneficial  to 
the  road. 

The  above  observations  apply  to  roads  that  do  not  support  a 
very  heavy  traffic,  as  under  the  latter  conditions  it  does  not 
seem  as  effective.  Owing  to  the  fact  that  it  is  practically  color- 
less, odorless,  and  of  a  neutral  reaction,  it  is  particularly  adapted 
for  quiet  residential  streets,  and  for  promenades  where  foot 
traffic  is  important. 

The  Calcite  Process  Co.,  of  Boston,  have  developed  a  method 
for  using  this  material  that  seems  very  effective  and  economical, 
and  they  undertake  to  render  streets  and  roads  dustless  by  con- 
tract for  a  fixed  rate  per  square  yard  per  season. 

EMULSIONS. 

The  use  of  emulsions  of  oil  and  tar  should  properly  be  con- 
sidered after  treating  of  these  agents  as  surface  treatments,  as 
emulsions  were  designed  to  obviate  several  disadvantages  from 
their  use,  such  as  the  necessity  of  preparing  the  road  surface, 
heating  the  components,  labor  of  spreading  and  the  necessity  of 
closing  the  road  to  travel  during  the  application.  Yet  their  use 
and  application  is  so  closely  related  to  the  former  paragraph  on 
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hydroscopic  salts  that  it  was  thought  well  to  treat  of  them 
together.  They  were  first  developed  about  1903  and  1904  in 
France  and  Germany,  and  the  market  was  soon  flooded  with 
patented  preparations  with  fantastic  names,  all  claiming  marvel- 
lous dust  laying  properties.  In  general,  they  are  an  emulsion 
of  tar  or  tar  oils,  asphaltic  petroleum,  asphalt  or,  in  some  cases, 
of  waste  oily  products  made  with  soda  or  ammonia,  and  are  ex- 
pected to  be  diluted  with  water  and  applied  to  a  road  surface 
without  previous  treatment,  from  an  ordinary  sprinkling  cart. 
The  following  is  a  list  of  the  more  important,  and  what  informa- 
tion we  have  concerning  them. 

LIST  OF   EMULSIONS. 

Apokonia.     Product  of  heating  heavy  residual  oil  with  phenols. 

Apulvite.     Powdered  asphalt  with  emulsinifier. 

Basilite. 

BouHAROL  Process.     Coal  tar  and  soap. 

Cook's  Emulsion.  This  is  a  general  process  of  emulsifying  asphaltic  base 
oils  with  a  soap  solution.  A  formula  which  is  widely  used  is  as  follows : 
8  bbls.  of  asphalt  base  oil,  emulsified  with  18  pounds  cotton-seed  oil  soap ; 
made  up  to  600  gals.     Mixed  for  use  with  three  parts  of  water. 

Crempoid  R.     Glue,  bichromate  of  potash,  oil,  tar. 

Cremfoid  D.     Glue,  bichromate  of  potash,  oil,  no  tar. 

DusTABATO  System. 

Dustoline.     Thin  yellow  oil,   no  body. 

DusTROVD.     Wool  grease  emulsified. 

Ermenite.  Cotton-seed  oil  treated  with  H2SO1  at  an  elevated  temperature, 
washed,  mixed  with  4  parts  by  weight  of  tar,  emulsified  with  hot  NaOH, 
diluted  with  water  to  contain  20  per  cent,  of  tar.  For  use  this  stock 
solution  is  diluted  with  4  parts  of  water. 

Emulsifix.     Tar  mechanically  emulsified  with  water. 

Hahnite.     Carbolic  acid  and  oil  emulsifying  tar  and  asphalt  at  150°  F. 

Injectoline.     a  non-freezing  oil. 

Odocreol.     a  tar  oil. 

Newstrans. 

Possiderite. 

posissierol. 

PuLviciDE.  50  gal.  creosote  oil,  112  pounds  pitch,  252  pounds  resin,  melted 
and  mixed  with  solution  of  28  pounds  NaOH  in  18  gal.  of  water.  Diluted 
with  ten  times  its  bulk  of  water  for  sprinkling.     Lasts  about  ten  days. 

PuLVivoRE.     Shale  oil  from  Autun,  France. 

Pulverento.     Tar  oil,  mineral  oil,  carbolic  acid,  emulsified  with  ammonia. 

Rapidite.     Powdered  asphalt  mixed  with  emulsifier. 

Ripley's  Com  p. 

Sandisize.  Grease  from  wool  scouring  emulsified  with  potash,  patented 
U.  S.  813,389,  Feb.  20,  '06. 

Simplicite.     Costs  4  c.  a  pound. 

Sulphite  Pitch.  This  is  a  by-product  in  the  manufacture  of  sulphite  cellu- 
lose. It  is  soluble  per  se,  in  water  and  is  said  to  have  given  very  good 
results.  This  appears  to  be  the  most  satisfactory  article  yet  proposed 
for  use  with  water. 

Terracolia.     Ammonia  emulsion  of  oil  with  coal  tar. 

Westrumite.     Emulsion  of  tar  and  mineral  oil  with  ammonia. 

Zibellite.     Costs  2.5  c.  a  pound. 
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While  it  is  true  tliat  by  their  use  the  dust  can  be  laid  for  a 
short  time  at  a  small  labor  cost,  yet  in  the  aggregate  for  a  season, 
it  amounts  to  quite  a  high  figure.  This  is  theoretically  as  it 
should  be,  as  the  mixture  of  water  with  the  oily  mixture  to  some 
extent  defeats  the  very  object  that  we  wish  to  obtain,  i.e.,  the 
securing  of  a  well-bound  waterproof  surface.  Again,  the  alka- 
lies used  in  forming  the  emulsion  destroy,  to  some  extent,  the 
bonding  power  of  the  oils  used,  and,  furthermore,  in  many  of  the 
preparations  the  oils  are  not  properly  suited  to  the  work  in  hand. 

The  same  general  objections  apply  to  the  use  of  emulsions  as 
apply  to  hydroscopic  salts.  They  do  lay  the  dust  if  applied  in 
sufficient  quantity,  but  they  have  little,  if  any,  permanent  binding 
effect  on  the  road  surface.  They  are  almost  entirely  removed  by 
a  heavy  rain,  as  through  their  application  with  water  they  cannot 
penetrate  below  the  surface  of  the  road.  In  many  cases,  par- 
ticularly with  the  asphaltic  base  oils,  they  have  a  very  disagree- 
able odor  for  several  days  after  their  application.  Again,  a 
number  of  the  patented  emulsions  are  made  with  an  excess  of 
alkali  as  an  emulsifier,  and  their  use  occasions  considerable 
annoyance  to  the  eye  from  the  particles  thrown  by  the  wheels 
of  motor  cars  passing  shortlv  after  they  have  been  applied. 

surface  coating  with  oils. 
Coming  noAv  to  a  consideration  of  the  use  of  surface  dressing 
of  oils,  we  find  the  first  really  successful  methods  of  controlling 
the  road  dust.  The  inception  of  this  treatment  came  from  the 
climatic  and  physical  condition  existing  in  countries  having  long, 
hot,  rainless  seasons,  but  their  use  has  been  extended  to  other 
districts  with  varying  degrees  of  success.  The  following  table 
gives  an  idea  of  the  chronological  development  of  its  use : 


1894 
1898 


1901 
1902 


DEVELOPMENT    OF    USE   OF    OTL    AS    SURFACE    TREATMENT. 

First  tried  in  Santa  Barbara,  Cal. 

Revived  in  Los  Angeles  and  San  Bernardino,  Cal.,  using  the  heavy 
asphalt  oil,  and  in  Oran,  Algeria,  using  oil  of  aloes. 

A  Texas  asphalt  oil  was  used  successfully  in  Fort  Worth,  Texas  ; 
tried  in  Boston  Parks,  and  abandoned  on  account  of  odor. 

A  paraffin  base  oil  was  used  for  oiling  a  railroad  roadbed  in  Long 
Island. 

The  same  class  of  oil  was  used  in  some  sections  of  the  Penna.  R.  R. 
Texas  asphalt  oil  was  used  successfully  on  the  shell  roads  at  Galves- 
ton, Texas.  Experiments  at  Marion,  Ind.,  on  a  ]\Iacadam  road  with 
a  crude  paraffin  base  oil  were  not  successful,  and  at  Liverpool,  Eng., 
Denver,  Col.,  reported  dust-laying  properties  excellent. 
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1903.  Paraffin  base  oils  were  unsuccessful  at  the  Rock  Island  Arsenal.     Ex- 

periments with  "  Masut,"  a  residue  from  the  Baku  refineries,  were 
made  in  France ;  not  very  successful. 

1904.  The  use  of  the  asphaltic  base  oils  from  Kentucky  was  commenced  in 

Fayette  Co.,  generally  successful,  and  at  Washington  with  indiffer- 
ent results. 

1905.  Government  experiments  with  Texas  oil  and  residues  were  successful. 

Reviewing  these  results  has  shown  two  things — first,  that 
paraffin  base  oils  are  not  suitable,  and  second,  that  even  the 
asphalt  base  oils  succeed  best  in  dry,  warm  climates. 

The  paraffin  base  oils  have  no  binding  properties,  and  in  fact 
are. even  more  than  useless,  as  on  JNIacadam  roads  they  sen-e  as 
a  lubricant  between  the  stones  in  the  wearing  course,  and  seem 
to  hasten  their  destruction  by  grinding.  Again,  they  evaporate 
more  or  less  rapidly  and  soon  entirely  disappear  from  the  road, 
and,  furthermore,  they  are  not  oxidized  as  the  asphalt  base  oils 
are,  into  a  tough  material  resembling  the  national  bitumens. 
While  all  the  oils  tend  to  "  churn  ''  more  or  less  (that  is,  tend  to 
form  a  black,  slimy  mud)  under  the  action  of  the  frost,  traffic, 
and  excess  moisture  from  snow,  the  paraffin  base  oils  are  the 
worst  offenders. 

The  climatic  influences  are  exceedingly  important  factors  in 
any  question  of  road  treatment,  and  have  frequentlv  not  received 
the  attention  that  they  deserve.  This  is  especially  noticeable  in 
the  use  of  oil.  Originated  in  the  hot,  dry  climate  of  California, 
where  for  8  or  g  months  there  is  no  rain  and  frost  is  unknown, 
and  where  the  road  surface  may  be  secured  perfectly  dry,  wann, 
and  in  an  ideal  condition  to  receive  and  absorb  the  oil,  it  has 
succeeded  wonderfully  well,  but  this  success  has  led  to  its  use 
under  the  trying  condition  of  our  Eastern  climate  where  mild 
weather,  snow  and  frost  rapidly  alternate,  and  add  to  this  an 
annual  rainfall  of  from  35  to  60  inches,  so  that  their  indifferent 
success  under  these  trying  conditions  is  not  surprising. 

There  has  been  a  great  deal  of  experiment  and  practical 
work  done  on  the  application  of  oils  to  road  surfaces,  and  the 
conditions  essential  to  success  seem  pretty  well  understood,  so 
that  it  seems  unnecessary  to  describe  the  earlier  experimental 
methods.  There  are  still  two  points  that  seem  to  be  in  dispute. 
i.e.,  whether  to  sweep  the  road  or  not,  and  whether  it  is  best  to 
heat  the  oil  or  apply  it  cold. 

These  points  may  usually  be  decided  by  considering  the  con- 
ditions under  which  the  process  is  applied;  but  frequently  the 
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exponent  of  one  system  or  the  other  will  endeavor  to  point  out 
general  conclusions  from  his  own  restricted  conditions  and 
experiments. 

The  general  method  seems  to  be  as  follows:  In  very  dry 
climates  and  especially  on  gravel  roads,  it  seems  unnecessary  to 
sweep  the  road.  In  the  Eastern  States  and  on  Macadam  roads 
this  seems  essential,  but  it  can  be  done  sufficiently  well  with  a 
liorse  sweeper. 

Fig.  II. 


Oiling  a  road. 

The  oil  should  then  be  applied  from  some  form  of  sprinkler 
provided  with  control  over  the  delivery,  such  as  the  White  Road 
Oiling  Machine,  which  was  developed  in  California  for  this 
purpose. 

In  California  or  the  Southern  States,  or  in  the  Eastern  States 
during  hot  summer  weather,  heating  does  not  seem  essential, 
especially  with  oils  containing  not  over  25  to  40  per  cent,  of 
asphalt,  but  for  general  use,  in  the  East  especially,  with  the 
heavier  oils,  the  heated  oil  can  be  more  easily  and  economically 
handled  and  applied  than  the  cold  oil,  and  seems  to  give  slightly 
better  results,  particularly  on  Macadam  roads. 
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Brooming-  the  oil  after  spreading  is  generally  determined  by 
the  way  the  road  surface  takes  the  oil,  but  at  least  one  or  two  men 
should  follow  the  sprinkler  when  using  heavy  oil,  especially  if 
cold  or  the  road  surface  uneyen,  to  brush  out  all  puddles  and 
push  any  excess  into  the  gutter. 

Sojidiiig. — This  is  exceedingly  important,  as  the  value  of 
many  oils  seems  to  lie  chiefly  in  the  formation  of  a  hard  coating- 
of  oil-saturated  sand  that  fills  all  the  surface  yoids  and  presents 
a  smooth,  resilient  surface  to  the  traffic. 

Fig.  12. 
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Spreading  oil  after  sprinkling 


In  many  cases  it  is  found  that  the  surface  application  of  oil, 
while  it  only  penetrates  the  original  road  about  54  to  ^^  of  an 
inch  fthe  latter  is  exceptional)  tends  to  loosen  and  disintegrate 
the  original  cementing  bond  of  rock  powder,  an  action  similar,  no 
doubt,  to  its  action  on  cement  concrete,  so  that  without  a  sand- 
wearing  surface  the  road  would  soon  go  to  pieces. 

It  is  now  generally  felt  that  under  these  conditions  the  sand 
should  be  carefully  chosen  and  applied  until  the  oil  fails  to  come 
to   the   surface.     A   slight   excess   seems,    in   the   opinion    of   a 
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number  of  road  engineers,  particularly  about  Boston,  to  be  even 
<^lesirable. 

In  general,  oiling-  seems  to  succeed  better  on  gra\el  than  on 
jMacadam  roads.  There  are  several  reasons  why  this  is  so. 
The  gravel  road  is  more  porous  and  allows  a  greater  i>enetration 
than  in  the  compact  and  almost  impervious  wearing  surface  of  a 
broken  stone  road.  The  action  of  the  oil  in  loosening  the  1x)nd 
in  the  wearing  surface  of  stone  roads  has  already  been  noted, 
and  is,  of  course,  a  factor  against  its  sticcessful  use.  In  the 
o'ravel  road  the  particles  especially,  are  subject  to  more  or  less 
motion,  from  the  stresses  imposed  by  the  traffic,  that  owing  to 
the  regularity  and  smoothness  of  their  surface  is  not  destructive, 
while  in  the  broken  stone  road  such  action  is  to  be  prevented  as 
the  surface  cpiickly  disintegrates  under  it.  This  then  recjuires 
that  a  surface  binder  should  have  such  a  character  that  would 
pennit  this  motion  withoitt  detriment  to  its  wearing  quahties,  or, 
in  other  words,  it  should  be  of  a  rubbery  consistency.  This  is 
well  exemplified  in  the  base  of  the  California  oils  high  in  asphalt. 

The  proper  quantity  of  oil  per  square  yard  is  dependent  upon 
the  ability  of  the  road  surface  for  absorbing  it.  An  excess  is 
very  undesirable  as  it  requires  too  much  sand  to  prevent  it 
damaging-  traffic,  and  if  too  thick  this  sanded  skin  peels  and 
leaves  a  very  poor  surface.  In  general,  gravel  surfaces  will 
absorb  more  oil  than  Macadam,  depending,  of  course,  on  the 
quality  of  oil  used,  and  whether  cold  or  hot.  The  usual  practice 
seems  to  be  from  .2  to  .3  gallons  on  Macadam,  .3  to  .4  gallons 
on  gravel,  and  .4  to  .7  g-allons  on  earth  roads. 

Almost  any  asphaltic  or  semi-asphaltic  base  oil  seems  to 
serve  for  surface  treatment,  but  thev  should  contain  from  25  to 
40  per  cent,  of  D  grade  asphalt,  and  be  reasonably  free  from 
water  and  foreign  matter. 

Oiling  seems  to  succeed  best  on  gravel  roads  in  hot,  dry 
climates.  It  rec|uires  for  its  best  results  even  distribution  of  a 
fairly  clean  road  surface.  It  is  easily  applied,  and  gives  a  dust- 
less  surface,  but  frequently  gives  a  good  deal  of  trouble  if  an 
excess  is  used,  and  in  winter  in  the  Eastern  States  churns  to  a 
slimy  black  mud.  There  is  with  some  oils  considerable  nuisance 
from  odor  and  tracking  when  first  applied.  The  climatic  condi- 
tions and  character  of  road  surface  should  be  carefully  considered 
before  adopting  its  use. 

(To  be  continued.) 
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SCRUB  PINE  FURNISHES  WOOD  PULP  MATERIAL. 

The  long  neglected  and  despised  scrub  or  Jersey  pine,  growing  on  the 
abandoned  farms  and  cut-over  lands  of  the  East,  seems  destined  at  last  to 
have  reached  its  rightful  place  as  a  material  of  value,  according  to  the 
results  obtained  through  recent  pulp  and  paper  making  tests  at  the  United 
States  Forest  Service  laboratories  in  Washington. 

While  there  is  a  considerable  amount  of  this  wood  standing  as  timber, 
it  has  heretofore  been  used  only  in  a  very  desultory  fashion,  and  then 
mostly  as  fuel.  About  500,000  acres,  or  20  per  cent,  of  the  wooded  area  of 
Maryland,  and  about  130,000  acres,  or  10  per  cent,  of  that  of  Virginia,  is 
covered  with  fairly  dense  stands,  while  the  broad  range  of  the  tree  extends 
along  the  .\tlantic  seaboard  from  southern  New  York  to  South  Carolina, 
and  back  over  the  Appalachians  to  central  Indiana,  where  its  largest  specimens 
are  found. 

While  a  number  of  mills  have  used  scrub  pine  for  the  manufacture  of 
soda  pulp  and  ground  wood,  no  plants  have  ever  operated  the  sulphite 
process.  Scrub  pine  might  have  been  used  to  good  advantage  long  ago, 
but  for  the  fact  that  it  did  'lot  seem  to  the  practical  paper  maker  even  worthy 
of  trial.  By  only  slight  changes  of  the  regular  cooking  treatment  which  is 
ordinarily  accorded  pulp  wood  in  the  sulphite  process,  however,  it  has  now 
yielded  a  pulp  product  which  has  been  favorably  commented  upon  by  nu- 
merous members  of  the  paper  trade  as  a  substitute  for  spruce  sulphite  in 
the  manufacture  of  newspaper. 

When  a  forest  of  scrub  pine  is  matured,  a  fully  stocked  stand  will  yield 
thirty  to  forty  cords  per  acre,  whtu  economically  harvested  according  to  the 
practical  forestry  methods.  At  the  present  time  there  is  practically  no  general 
use  for  the  timber,  outside  of  fuel,  although  a  coarse  lumber  is  made  of 
it  and  it  is  sometimes  used  for  fencing.  An  evidence  of  the  low  esteem  in 
which  this  pine  is  held  is  the  price  which  the  Maryland  wood  brings  when 
delivered — $5-75  per  cord.  The  wood  i^^^elf  is  of  a  light  yellow  color,  with 
a  white  sap  wood.  It  is  light  in  weight,  is  brittle,  and  coarse-grained. 
While  it  is  fairly  durable  in  contact  with  the  weather,  its  weak  structural 
properties  offset  any  advantage  this  might  eive. 

One  advantage  for  paper  making  which  scrub  pine  is  said  to  have,  is  the 
fact  that  there  is  considerably  less  loss  in  barking  it  than  with  ordinarj' 
spruce.  The  logs  are,  in  general,  regular  and  not  difficult  to  handle.  The 
wood  yields  quite  easily  to  a  sulphite  treatment  when  using  an  acid  cooking- 
liquor  slightly  stronger  than  the  ordinary  mill  strenoth.  In  treatment  the 
wood  requires  from  eight  to  eleven  hours,  while  the  maximum  steam  pressure 
has  not  been  over  sixty  pounds  temperature  (150  degrees  centigrade)  and  in 
some  cases  it  was  but  54  pounds.  The  unbleached  nulp  in  these  experi- 
ments is  of  a  light  grayish  or  brownish  color,  not  unlike  that  from  spruce, 
of  course  depending  upon  the  cooking  conditions,  which  can  be  controlled 
to   suit  the  manufacturer. 

The  fibre  is  strong  and  durable,  and  is  about  the  same  size  as  that  of 
spruce,  being  possibly  a  trifle  broader.  The  yields  obtained  by  the  Forest 
Service  are  about  the  same  as  are  obtained  from  the  woods  now  in  general 
paper  making  use.  The  amount  of  screenings  is  very  low.  Scrub  pine  pre- 
sents no  serious  disadvantages  in  regard  to  bleaching.  A  good  white  color 
is  readily  brought  about.  While  some  of  the  cooks  require  more  bleach 
than  is  ordinarily  practical  or  economical,  yet  by  cooking  properly  the  amount 
of  bleach  required  has  been  brought  down  to  360  pounds  or  35  per  cent, 
bleach  per  ton  of  pulp.  By  slightly  changing  the  conditions  of  treatment, 
it  is  believed  that  still  lower  percentages  may  be  employed  while  the  color 
produced   remains  the  best   white. 

Practical  paper  makers  who  have  seen  this  product  are  almost  unanimous 
in  claiming  it  to  be  a  strong,  long-fibred,  and  hard-wearing  pulp,  which 
seems    especially    desirable    for    making    bag,    news,    and    wrapping    papers. 
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Several  even  went  so  far  as  to  say  that  it  would  make  fine  bank  or  ledger 
papers  when  properly  handled,  and  that  this  wood  gave  one  of  the  best  fibres 
which  has  been  prepared  from  pine  wood. 


CONSERVATION  OF  THE  METALS. 

RAPID    EXHAUSTION     OF    AVAILABLE     SUPPLY. 

At  the  recent  meetings  of  the  National  Conservation  Commission  and 
at  the  Washington  conference  of  the  Governors  and  the  various  State  Con- 
servation Commissions  the  fact  was  strongly  emphasized  that  the  visible 
or  known  supply  of  certain  of  the  most  important  metals  of  the  United 
States  is  being  very  rapidly  exhausted.  This  fact  probably  need  not  yet 
cause  concern  for  the  immediate  future  of  the  industries  dependent  on 
these  metals,  but  the  plea  for  judicious  husbanding  of  these  resources  must 
commend  itself  to  all  thoughtful  persons  who  are  interested  in  the  future 
welfare   of  the  country. 

KE-USE    OF     METALS. 

In  this  connection  economy  in  the  use  and  recovery  or  reclamation  of 
metal  products  often  wasted  is  undoubtedly  of  much  importance,  but  in 
order  that  its  importance  may  be  more  fully  understood  stastics  on  these 
subjects  are  desirable.  The  extent  to  which  old  metals  are  recovered  and 
re-used  in  the  United  States  has  been  heretofore  more  or  less  a  matter  of 
conjecture,  particularly  outside  of  the  industries  immediately  concerned. 
A  similar  lack  of  information  has  existed  as  to  the  extent  to  which  economy 
in  the  use  of  metals  is  practiced  by  their  recovery  from  skimmings,  drosses, 
by-products,  etc.  In  Europe  incomplete  statistics  of  such  production  of 
metals  are  gathered,  and  for  1907  the  United  States  Geological  Survey 
made  a  systematic  attempt  to  ascertain  the  production  of  copper,  lead,  zinc, 
and  tin  so  recovered  in  this  country.  To  distinguish  them  from  the  so-calied 
primary  metals,  which  have  been  produced  directly  from  ore  and  have  not 
yet   entered  consumption,   these   metals   arc   called   secondary. 

STATISTICS     SHOWING    RE-USE    OF    METALS. 

A  part  of   these   secondary  metals  is  produced  and   sold  as  raw   metal, 

but   a   very   considerable   portion   is   turned   out   as    alloys,    such  as   brasses, 

bronzes,    babbitt,    and    type    metal.      The    following    table    gives  the    results 
obtained  by  the  canvass   of  the  industry : 

PRODUCTION   OF   SECONDARY    METALS   IN   THE   UNITED   STATES   IN    IQOJ. 

Short  tons.  Approximate  value. 
Secondary  copper  as  raw  metal  and  in  alloys.  .   30,240  $11,188,800 

Secondary  lead    9,990  2,702,788 

Recovered  lead  in  alloys 15,508 

Secondary  spelter   18,841 

Recovered  zinc  in  alloys 1,417  2,390,444 

Secondary   tin    93  914.404 

Recovered   tin   in   alloys 1.569 

Total    $17,196,436 

This  table  is  compiled  from  reports  made  by  all  smelters  and  refiners  of 
secondary  inaterials  with  whom  it  was  possible  to  get  into  touch.  Pro- 
ducers of  such  metals  who  have  not  received  the  Government  requests  for 
their  production  will  contribute  to  the  conservation  movement  as  well  as 
confer  a  favor  by  forwarding  their  names  and  addresses  to  the  United 
States    Geological    Survey,   Washington,   D.    C. 
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THE    PRESENT    ASPECTS    OF    THE    PANAMA    CANAL 
FROM  THE  TOURIST'S  POINT  OF  VIEW. 

BV 

WILLIAM  TATHAM. 

The  idea  of  a  canal  is  almost  as  old  as  the  discovery  of  the 
Isthmus.  It  is  said  that  in  the  year  1620  one  Diego  de  Mercado 
submitted  a  report  on  the  subject  to  Philip  II,  but  the  King  of 
Spain  replied  that  the  will  of  God  was  made  manifest  when  he 
created  an  isthmus  instead  of  a  strait,  and  it  would  be  impiety 
for  man  to  attempt  to  unite  the  waters  of  two  oceans  which  God 
had  separated.  The  project  was  declared  sacrilegious,  with  the 
usual  penalties,  and  the  matter  was  dropped. 

In  the  early  part  of  the  Nineteenth  Century  attention  was 
again  directed  to  the  Isthmus  and  various  surveys  were  made  by 
the  United  States  Government  and  others.  Finally,  in  1879, 
Count  Ferdinand  de  Lesseps  formed  a  company  and  began  the 
work  of  digging  the  canal.  The  original  intention  of  de  Lesseps 
w^as  to  make  it  a  sea  level  canal,  but  as  it  was  found  impossible 
to  complete  such  a  canal  within  any  reasonable  time  the  lock 
type  was  adopted.  The  company  finally  went  into  liquidation 
and  a  new  one  Avas  formed  which  also  eventually  came  to  grief 
for  want  of  funds.  It  is  unnecessar}'  to  dwell  at  length  upon 
the  events  which  led  up  to  the  acquisition  of  the  property  rights 
and  privileges  of  the  French  Canal  Company  by  the  United 
States. 

The  people  of  Panama  had  never  been  satisfied  with  their 
relations  with  the  Bogota  Government  and  had  made,  from  time 
to  time,  attempts  at  separation,  some  of  them  resulting  in  much 
bloodshed,  but  none  of  them  successful.  The  failure  of  the 
Hay-Herran  Treaty  in  1903  resulted  in  conditions  which  seemed 
to  give  them  an  opportunity  of  which  they  promptly  took  advan- 
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tage.  The  result  was  that  the  United  States  got  a  concession 
from  the  new  Panama  RepubHc  under  the  tenns  of  which  it 
was  possible  to  build  the  canal.  It  is  very  doubtful  whether 
the  canal  could  be  completed  under  conditions  less  liberal  than 
those  granted  by  the  Republic  of  Panama. 

THE  canal. 

The  Panama  Canal  is  about  51  miles  long  from  deep  water 
on  the  Atlantic  side  to  deep  water  on  the  Pacific  side,  but  as 
the  distance  from  deep  water  to  the  shore  line  in  Limon  Bay, 
in  the  Caribbean  Sea,  the  Atlantic  side,  is  about  43^  miles  and 
from  the  shore  line  to  deep  water  at  La  Boca,  the  Pacific  side, 
is  about  5  miles,  the  canal  proper,  from  shore  to  shore,  will  be 
about  41  miles.  From  Limon  Bay  to  Gatun  locks  and  dam  it 
will  be  a  tide-water  canal  for  4  miles.  The  tide  at  Limon  raises 
about  18  inches.  From  Gatun  to  Pedro  Miguel,  32  miles,  it  will 
have  a  summit  elevation  of  85  feet  above  the  sea.  From  Pedro 
Miguel  to  Miraflores,  about  2  miles,  it  will  have  a  summit 
elevation  of  55  feet,  and  from  Miraflores  to  La  Boca,  on  the 
Pacific  Side,  it  will  be  a  tide-water  canal.  The  tide  on  the 
Pacific  side  is  from  18  to  22  feet.  The  bottom  width  of  the 
canal  in  its  narrowest  part,  Culebra  cut,  will  be  300  feet,  with 
an  indefinite  width  in  the  deep  waters  of  the  Gatun  Lake.  On 
both  ends  of  the  canal,  from  deep  water  to  land,  the  channels 
will  be  500  to  1,000  feet  wide  and  the  cuts  in  the  shallow  parts 
of  the  lake  will  be  from  500  to  1,000  feet  wide.  The  minimum 
depth  of  the  canal  will  be  41  feet. 

The  total  estimated  excavations  required  by  the  present  plans 
for  the  lock  canal  are  in  round  numbers  175,000,000  cubic  yards, 
of  which  up  to  March  i,  1909,  has  been  excavated  66,000,000. 
with  an  amount  yet  to  be  excavated  115,000,000,  so  that  con- 
siderably over  one-third  of  the  excavation  work  has  been  done. 
It  is  therefore  estimated  that,  taking  into  consideration  the  work 
on  the  dam  and  the  concrete  in  the  locks,  the  canal  will  be  open 
for  traffic  by  the  first  of  January,  191 5. 

STEAM-SHOVEL  EQUIPMENT. 

The  excavating  is  done  by  means  of  steam  shovels  in  the 
dry  portions  and  by  dredges  in  places  covered  by  water.  Mules 
and  scrapers  are  used  for  stripping  in  some  places.     There  are 
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now  in  use  on  the  Isthmus  loi  steam  shovels — 48  ninety-five-ton, 
42  seventy-ton,  10  forty-five-ton,  and  i  thirty-eight-ton.  The 
ninety-five-ton  shovel  holds  5  cubic  yards  and  dumps  into  flat 
cars,  each  car  holds  7  shovels,  or  35  cubic  yards.  There  are  17 
cars  in  each  train.  As  each  car  is  loaded  the  train  moves  slowly 
on  until  all  the  cars  are  full,  and  is  then  hauled  to  the  dump,  and 
unload  ,by  the  Lidgerwood  unloader  as  follows ;  The  flat  cars 
have  e  boards  on  one  side  only  and  no  end  boards,  and  the 
spaces  between  the  cars  are  covered  with  steel  plates.  The  un- 
loader, which  is  a  plow-shaped  affair,  is  drawn  from  the  rear 
end  of  the  train  to  the  front  by  means  of  a  steel  cable  attached 
to  a  steam  winch  on  a  special  car  next  to  the  engine.  When  the 
plow  gets  to  the  flat  car  next  to  the  winch  it  is  stopped  and  the 
car  with  plow  is  detached. 

To  repeat  the  operation,  the  train  is  made  up  with  the  car 
containing  the  plow  attached  to  the  rear  end;  it  is  backed  up 
until  the  winch  is  under  a  gallows  frame  arrangement  set  over 
and  across  the  track.  The  cable  is  then  hooked  on  to  the  frame 
and  the  train  is  run  forward  until  the  plow  is  under  the  frame, 
the  cable  taken  from  the  frame  and  attached  to  the  plow  and  the 
train  is  ready  to  be  unloaded  at  any  convenient  place.  It  is 
very  interesting  to  watch  a  train  unloading  by  this  method,  the 
plow  slowly  advancing  and  pushing  earth  and  rock,  in  many 
cases  huge  bowlders,  from  the  car  to  the  dump. 

In  excavating  by  steam  shovels,  the  ground  is  first  loosened, 
and  rocks  shattered  by  means  of  dynamite. 

Besides  the  cars  used  in  connection  with  the  Lidgerwood 
unloader  there  are  in  use  steel  dumping  cars  holding  about  30 
cubic  yards  which  are  unloaded  by  air  pressure  from  the  engine. 
A  whole  train  may  be  dumped  at  one  time.  The  steam  shovels 
work  very  rapidly.  The  average  time  of  several  cars  in  the 
Culebra  cut  was  about  one  minute  and  a  half.  Of  course,  this 
does  not  represent  the  actual  work  done  in  a  day  of  eight  hours. 
There  is  a  good  deal  of  time  consumed  in  moving  the  shovels, 
shifting  trains,  etc.  The  highest  daily  record  for  a  single  shovel 
is  something  over  1,600  cubic  yards  per  day  of  eight  hours. 

EMPLOYEES. 

In  the  month  of  February,  1909,  there  were  on  the  Isthmus 
about  41,000  employees  on  the  roll  of  the  Commission  and  the 
Panama  Railroad  Company,  of  which   5.000  were  Americans. 
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There  were  actually  at  work  on  Februar}^  3,  31,071  men;  24,911 
for  the  Commission  and  6,160  for  the  Panama  Railroad  Com- 
pany. Of  the  24,911  men  working  for  the  Commission  4,278 
were  on  the  "  gold  roll,"  so  called,  who  were  paid  in  United 
States  currency,  and  20,633  *-^"  the  "  silver  roll  "  who  were 
paid  on  the  basis  of  the  Panama  currency  or  its  ecuivalent. 
Those  on  the  gold  roll  include  skilled  mechanics,  If.  'motive 
engineers,  machine-drill  men,  etc.,  clerks  and  higher -Uncials. 
They  are  for  the  most  part  Americans.  The  silver  roll  includes 
tlie  common  laborers,  who  are  practically  foreigners. 

The  working  day  is  eight  hours.  The  men  begin  at  7  a.m.  ; 
work  until  11  a.m.;  take  the  midday  meal,  rest  until  i  p.m., 
and  work  until  5  p.m.  They  are  carried  to  and  from  their  work 
by  train.  The  Negro  laborers  use  open  cars  or  the  roofs  of 
cars,  where  they  bask  in  the  sun ;  white  men  prefer  closed  cars. 

The  majority  of  the  laborers  employed  on  the  canal  are  drawii 
from  the  West  Indies.  When  we  were  on  the  Isthmus  there  were 
52  different  nationalities  on  the  pay  roll  according  to  the  lan- 
guages spoken  by  the  employees.  There  were  from  5,000  to 
6,000  Europeans — mostly  Spaniards  from  the  north  of  Spain — 
and  some  Italians ;  the  former  constitute  by  far  the  best  class 
of  laborers  on  the  Isthmus.  The  Italians  are  good  workmen 
but  rather  hard  to  manage.  The  Negroes  are,  like  all  that  class 
of  laborers,  poor.  We  had  an  illustration  of  this  at  the  Tivoli 
Hotel  in  Panama.  A  negro  was  set  to  Avork  cutting  the  grass 
on  a  plot,  an  oval,  about  175  feet  long  by  50  feet  wide,  say 
300  square  yards.  He  was  supplied  with  a  lawn  inower,  a 
scythe,  and  a  rake.  He  started  to  work  the  day  we  arrived  and 
it  took  him  just  a  week  to  complete  it.  It  is  true  that  the  grass 
was  thick  and  heavy,  and  he  spent  a  good  deal  of  time  in 
meditation  and  smoking  cigarettes. 

GATUN  dam. 

The  most  striking  features  of  the  canal  are  the  Gatun  dam 
and  locks,  about  which  so  much  has  been  written  in  the  news- 
papers, and  the  Culebra  cut. 

The  Gatun  dam  will  impound  the  waters  of  the  Chagres 
and  the  rivers  emptying  into  it  between  Gatun  and  Pedro  Miguel, 
forming  the  Gatun  Lake  with  a  surface  area  of  some  165  square 
miles.  The  dam  is  about  8,000  feet  long,  across  the  valley  of  the 
Chagres.     It  will  be  2.000  feet  wide  at  the  base,  and  115  feet 
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high.  The  crest  of  the  dam  is  100  feet  wide  and  30  feet  above 
the  mean  water  level  of  the  lake.  It  is  an  earth  dam  with  a 
core  of  puddled  clay  impervious  to  water,  700  feet  wide  at  the 
base  and  rising  to  90  feet.     This  will  be  made  by  hydraulic  fill. 

About  the  centre  of  the  valley  is  a  hill  rising  some  no  feet 
above  sea  level.  It  is  here  that  the  spillway  of  the  dam  is 
located.  It  is  of  concrete  and  fitted  with  sluice  gates,  so  that 
any  amount  of  surplus  water  may  be  allowed  to  waste.     In  view 
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of  the  vast  surface  area  of  the  lake,  however,  it  is  doubtful 
if  any  amount  of  water  will  necessarily  be  wasted. 

FOUNDATIONS    OF    THE    DAM. 

There  has  been  a  great  deal  said  about  the  foundations  of 
the  dam — that  it  is  soft  mud,  that  it  is  fissured  rock  and  that  it 
is  permeable  by  water,  that  it  has  underground  water  courses, — 
indeed,  were  we  to  listen  to  the  hostile  critics  it  would  seem 
ridiculous  to  attempt  to  build  any  dam  whatever  at  that  spot. 

In  a  most  admirable  report  on  the  Gatun  dam  investigation, 
page  127,  Report  of  the  Isthmian  Canal  Commission  for  1908, 
Air.  C.  M.  Saville,  Asst.  Engineer,  gives  the  result  of  exhaustive 
investigations  of  the  foundation  of  the  dam  by  test  pits  and 
Ixjre  holes.  The  report  shows  conclusively  that  the  foundation 
is  safe  and  that  a  dam  can  be  built  which  will  fulfill  all  the 
requirements  of  the  case.  It  is  true  that  water  was  found  in 
some  of  the  holes,  it  is  also  true  that  fissured  rock  was  found 
and  that  water  did  appear  through  some  of  the  cleavage  planes. 
But  Mr.  Saville's  conclusions  are  in  favor  of  building  the  dam 
at  that  place.     He  finds: 

■'  First.  That  suitable  material  is  available  and  near  at  hand 
for  the  construction  of  the  Gatun  dam  by  hydraulic  process. 

"  Second.  That  the  foundations  are  suitable  for  such  a 
structure  as  the  proposed  Gatun  dam  if  they  are  properly  treated. 

"  Third.  That  it  is  practically  possible  to  construct  a  stable 
and  water-tight  earth  dam  at  Gatun  of  the  material  available. 
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"  Fourth.  That  the  hydraulic  method  of  construction  as  pro- 
posed for  this  work  is  feasible  if  proper  conditions  are  observed." 

And  that  is  just  what  they  are  going  to  do. 

To  quote,  in  this  connection,  from  a  paper  entitled  "  The 
Isthmian  Canal,"  by  Lt.  Col.  George  W.  Goethals,  U.  S.  A., 
Chairman  and  Chief  Engineer  Isthmian  Canal  Commission, 
Washington,  March  16,  1909:  "I  venture  the  statement  with- 
out fear  of  contradiction,  that  the  site  of  no  public  or  private 
work  of  any  kind  has  received  such  a  thorough  and  exhaustive 
exainination  and  investigation  as  the  foundations  of  the  dam 
and  locks  at  Gatun.  There  is  no  longer  a  doubt  concerning 
the  underlying  strata;  neither  the  impermeability  nor  the  ability 
of  the  foundations  to  bear  the  loads  that  will  be  brought  upon 
them  can  be  questioned  if  the  data  be  carefully  and  impartially 
examined." 

Here  we  have  the  word  of  an  eminent  engineer  who  is  re- 
sponsible for  the  success  of  the  work,  whose  reputation  would 
be  affected  by  the  failure  of  the  dam.  By  referring  to  the 
plan  of  the  dam,  you  will  see  the  numerous  borings  made  in 
the  foundations  Avhich  supply  the  basis  for  Lt.  Col.  Goethals' 
views.  Besides  this,  five  test  pits  were  sunk,  into  one  of  which 
Mr.  Taft  descended  when  he  was  last  on  the  Isthmus. 

THE  LOCKS. 

The  locks  will  be  built  double,  of  concrete,  three  in  flight; 
each  lock  will  be  1,000  feet  long  and  no  feet  wide.  They 
will  be  fitted  with  double  gates.  The  lift  of  each  lock  will 
l3e  28  feet  4  inches,  making  the  total  for  the  three  85  feet. 
The  pier  dividing  the  locks  is  50  feet  wide  and  will  extend  1,000 
feet  beyond  the  ends  of  the  locks.  Vessels  coming  into  the 
locks  will  make  fast  to  this  pier  and  will  be  put  through  the 
locks  by  electrical  machinery.  •  They  will  not  pass  the  locks  under 
their  own  steam,  so  that  there  will  be  no  danger  of  their  rushing 
in  under  full  headway  and  carrying  away  the  gates.  There 
will  be  an  emergencv  dam  which  can  be  used  at  the  upper  end 
of  the  locks  to  shut  the  water  off  in  case  of  accident. 

Leaving  the  Gatun  Dam  vessels  will  steam  up  the  Gatun 
Lake,  85  feet  above  the  sea  level,  to  the  Culebra  cut.  The  Gatun 
Lake  is  a  very  important  feature  of  the  canal.  On  account  of 
the  surface  area  there  will  be  no  speed  limit  for  vessels  passing 
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through,  and  the  lake  disposes  once  and  forever  of  the  danger 
of  floods  in  the  valley  of  the  Chagres.  It  will  be  an  agreeable 
diversion  from  the  monotony  of  a  sea  voyage  to  sail  through 
this  inland  sea  surrounded  by  mountains  clothed  with  tropical 
vegetation. 

The  Culebra  cut  crosses  the  Cordillera  at  a  point  where  the 
highest  elevation  is  330  feet  above  sea  level.  As  the  bottom  of 
the  cut  will  be  40  feet  above  sea  level  it  would  make  a  vertical 
cut  290  feet  at  the  deepest  part.  The  bottom  of  the  cut  is  now 
about  85  feet  above  the  final  level. 

At  Pedro  Miguel,  pronounced  by  the  Americans  Peter  Magill,, 
there  is  one  lock  with  30  feet  lift,  thence  to  Aliraflores,  about 
one  mile  and  a  half,  where  there  are  two  locks  in  flight  with  a 
total  lift  of  55  feet.  All  of  these  locks  are  double.  At  Miraflores 
there  is  a  lake  of  about  2  square  miles  surface  area  formed  by 
the  locks  and  a  small  dam.  From  here  there  is  a  tide-level  canal 
to  the  Pacific  Ocean. 

HOUSING  AND    FEEDING   THE    EMPLOYEES. 

Housing  and  feeding  the  large  number  of  employees  was  a 
very  important  question  which  has  been  most  successfully  met. 
In  addition  to  the  old  French  houses  which  have  been  recon- 
structed, the  Commission  built  over  5,000  houses.  They  are 
enclosed  in  brass  wire  netting  for  protection  against  mosquitoes. 
There  are  married  and  single  quarters  for  whites. 

Subsistence  is  supplied  by  hotels,  European  laborers'  messes, 
and  the  common  laborers'  kitchens.  Commissaries  are  estab- 
lished at  the  various  towns  along  the  line  of  the  Panama  Rail- 
road. They  supply  the  needs  of  the  people  at  prices  about  equal 
to  what  is  charged  in  the  United  States.  I  can  personally  bear 
witness  to  the  excellent  quality  of  the  food  which  I  got  from 
these  hotels. 

SANITATION   ON  THE  ISTHMUS. 

But  the  most  noteworthy  department  is  that  of  Sanitation. 
When  the  Canal  Commission  took  charge  there  was  a  total  lack 
of  sanitation  on  the  Isthmus  and  yellow  fever  and  malaria  were 
very  prevalent.  In  1905  there  was  an  epidemic  of  yellow  fever 
and  almost  a  panic  among  the  white  employees  of  the  Isthmian 
Canal  Commission.  Col.  W.  C.  Gorgas,  U.  S.  A.,  who  has  been 
so  successful  in  fighting  yellow  fever  in  Cuba,  took  charge  of 
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the  work  and  has  succeeded  in  making  the  Isthmus  as  healthy 
as  any  place  in  the  tropics.  It  must  be  remembered  that  the 
streets  of  Colon  and  Panama  were  not  paved,  and  there  was  no 
water  supply  and  no  sewage  system  in  either  city.  Col.  Gorgas 
took  charge  and  there  is  now  a  good  water  supply  available  in 
Colon  and  Panama  and  the  points  along  the  canal ;  the  streets 
are  paved  and  a  sewage  system  installed.  There  has  not  been 
an  original  case  of  yellow  fever  on  the  Isthmus  in  the  last  two 
years  and  malarial  fever  is  steadily  decreasing.  There  are 
practically  no  mosquitoes  in  the  towns  in  the  zone.  This  result 
has  been  obtained  by  the  persistent  use  of  oil  where  the  insects 
breed,  and  by  keeping  the  grass  and  brush-wood  cut  close  in 
the  neighborhood  of  habitation  and  along  the  line  of  the  Panama 
Railroad. 

The  work  done  in  the  sanitation  of  the  Isthmus  has  been 
stupendous  and  too  much  credit  cannot  be  awarded  to  Col.  Gorgas 
and  his  assistants. 

The  principal  hospitals  are  situated  at  Colon  and  Ancon  in 
Panama  and  there  are  sick  camps  and  dispensaries  at  convenient 
stations  along  the  line.  There  is  also  a  sanitorium  for  con- 
valescents on  Taboga  Island  at  Panama. 

The  death  rate  in  1908  among  the  white  employees  was 
15.34  per  thousand.  About  one-third  of  this  death  rate  was 
due  to  accidents  and  violence.  The  death  rate  among  the 
blacks  was  19.48  per  thousand.  The  reason  for  the  excess  among 
the  blacks  was  the  lack  of  sanitary  precaution  among  them. 

SOCIAL  LIFE. 

The  material  wants  of  the  employees  being  thus  provided  for, 
attention  is  also  given  to  the  social  side  of  life  on  the  Isthmus. 
On  the  principle  that  the  happier  and  more  contented  a  man  is 
the  better  service  will  he  render,  amusements  are  encouraged  and 
athletic  sports  are  fostered.  There  is  a  band  composed  of  em- 
ployees, maintained  by  the  Government,  and  concerts  and  dances 
are  given  every  week  alternately  at  the  various  stations  along 
the  line.  Almost  every  town  has  its  base  ball  team  and  they 
have  what  one  may  call  inter-city  games. 

At  Ancon  there  are  tennis  courts  laid  out  by  the  Government 
which  are  extensively  patronized.  A  feature  of  life  on  the 
Isthmus  is  the  work  of  the  Young  Men's  Christian  Association. 
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Club  houses  have  been  opened  at  various  points  where  the  num- 
ber of  employees  is  sufficient  to  warrant  their  opening.  These 
club  houses  have  libraries,  gymnasiums,  entertainment  halls, 
€tc.,  and  there  are  frequent  open-house  receptions  and  public 
entertainments.  We  visited  the  club  house  at  Culebra  and  were 
much  pleased  with  everything  we  saw.  Besides  these  there  are 
bowling  clubs,  musical  and  social  clubs  along  the  line  and  last 
but  not  least  many  women's  clubs  whose  members  doubtless  dis- 
cuss everything  under  the  sun  from  the  rearing  and  manage- 
ment of  infants  to  the  election  of  the  President  of  the  United 
States. 

Medals  are  awarded  for  two  years  continuous  service  on  the 
Isthmus  subsequent  to  1904,  and  for  each  two  years  additional 
service  a  bar  will  be  awarded  to  be  attached  to  the  medal.  Only 
American  (or  naturalized),  citizens  are  eligible  for  medals. 

The  children  have  not  been  neglected.  In  1908  there  were 
eleven  schools  for  white  children  and  fifteen  for  black  children 
at  places  along  the  line. 

The  Canal  Record,  published  weekly  under  the  supervision 
of  the  Commission,  gives  a  report  of  progress  for  each  week 
with  details  of  work  accomplished  at  various  points.  Also  a 
portion  of  its  space  is  devoted  to  social  matters  and  discussions 
upon  various  subjects.  Thus  when  we  were  there  a  lively  con- 
troversy was  going  on  as  to  who  was  worth  more  to  the  com- 
munity— a  married  man  or  a  bachelor.  The  papers  and  argu- 
ments were  very  creditable  and  some  of  the  views  quite  novel. 

Under  all  these  conditions  we  can  readily  see  that  a  certain 
amount  of  enthusiasm  and  esprit  dc  corps  have  resulted  which 
make  this  an  ideal  force,  and  one  has  only  to  observe  the  bright 
and  earnest  faces  of  the  men  who  are  doing  the  work  to  feel 
assured  that  thev  are  doing  their  utmost  not  for  pay  alone,  but 
that  they  are  the  people  who  are  doing  the  most  wonderful 
engineering  work  in  the  history-  of  civilization. 

CITY   OF    PANAMA. 

Just  a  few  words  on  the  city  of  Panama.  The  city  of 
Panama,  the  capital  of  the  Republic,  was  founded  in  1672,  about 
a  year  after  the  destruction  of  old  Panama  by  Morgan  and  his 
buccaneers.  It  is  to-day  a  town  of  some  35,000  inhabitants  and 
in  nowise  differs  from  the  ordinary  Spanish-American  town  one 
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finds  throughout  the  West  Indies,  except  that  the  streets  are  well 
paved  and  that  it  has  an  ample  supply  of  good  water  and  an 
excellent  sewage  system,  which  it  owes  to  the  American  occupa- 
tion. The  streets  are  clean  and  well  policed.  There  is  a  very 
fine  Opera  House  built,  by  the  way,  with  part  of  the  money 
paid  by  the  United  States  for  the  concession  of  the  canal  zone. 
The  public  buildings  are  creditable.  The  sea  wall  on  the  bay 
side  is  fine  and  forms  a  promenade  for  the  citizens.  There  are 
a  few  ancient  cannon  mounted  on  the  sea  wall,  the  carriages 
being  mostly  decayed.  We  could  not  decipher  the  inscriptions 
as  the  metal  was  much  corroded,  but  they  are  doubtless  very  old. 

The  most  notable  object,  however,  is  the  ruin  of  the  old 
Jesuit  church  of  San  Domingo,  in  which  is  the  celebrated  flat 
arch.  The  span  of  this  arch  is  36  feet.  There  is  no  burden  on 
the  arch,  it  stands  there  as  it  was  built.  The  story  goes  that 
the  architect  failed  twice.  The  third  time  he  uttered  a  prayer — 
some  say  to  San  Domingo,  some  say  to  the  Devil, — but  in  any 
event  he  stood  under  the  arch  when  the  supports  were  taken 
away  for  the  third  time  and  the  arch  stood.  The  church  is  about 
200  years  old  and  the  existence  of  the  walls  and  the  arch  is  a 
refutation  of  the  reports  of  frequent  earthquakes  about  which 
we  hear  so  much.  Indeed  people,  whom  we  met  in  Panama, 
who  had  been  on  the  Isthmus  since  1904  were  unable  to  give 
us  any  information  about  earthquakes  in  that  region.  Panama 
has  the  distinction  of  being  the  first  diocese  established  on  the 
American  continent. 

Panama  has  no  army  and  no  national  debt.  As  the  United 
States  guaranteed  the  independence  of  the  republic,  there  is  no 
need  for  an  army  and,  as  they  are  a  slow-going  and  conservative 
people,  they  are  unable  to  see  the  necessity  for  a  national  debt. 

LOCK-TYPE   canal. 

There  has  been  a  campaign,  conducted  with  much  sound  and 
fury,  against  the  lock  type  of  canal  and  in  favor  of  the  sea  level 
type.  There  has  been  so  much  said  by  the  advocates  of  the 
sea  level  system  and  so  much  ignorance  of  existing  conditions 
displayed,  and  misrepresentation  made,  that  a  few  words  on  the 
subject  may  not  be  amiss.  It  is  only  fair  to  say,  that  before 
visiting  Panama,  I  shared  the  prejudice  in  favor  of  the  sea  level 
type.     The  advocates  of  the  sea  level  canal  may  be  divided  into 
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two  classes — those  who  are  in  favor  of  a  canal  without  dams 
and  locks,  with  no  provision  made  for  the  control  of  the 
Chagres  and  other  rivers,  trusting  to  the  canal  itself  to  carry 
away  the  surplus  water  when  these  streams  are  in  flood,  and 
those  who  would  control  the  Chagres,  etc.,  by  means  of  dams 
and  diversion  canals,  upon  a  somewhat  similar  plan  to  that 
originally  contemplated  by  de  Lesseps. 

The  first  plan  is  not  worthy  of  serious  consideration.  The 
second  plan  contemplates  a  masonry  dam  at  Gamboa  4,500  feet 
long,  750  feet  of  which  would  have  to  bear  a  pressure  of  170  feet 
of  water  during  the  flood  stages  of  the  river.  Sluice  gates  would 
be  arranged  to  discharge  the  river  into  the  canal,  but  there  would 
probably  have  to  be  a  diversion  canal  to  carry  of¥  the  surplus 
water.  They  make,  in  their  plans,  no  provision  for  taking  care 
of  the  other  rivers  which  would  flow  into  the  canal,  but  there 
would  be  at  least  three  or  four  other  dams  and  a  diversion  canal 
on  the  west  side  of  the  sea  level  canal,  as  de  Lesseps  started  to 
build  it.  Moreover  the  canal  would  only  have  a  bottom 
width  of  150  feet,  except  in  the  Culebra  cut  where  it  was  pro- 
posed to  make  it  200  feet. 

This  type  of  canal  would  be  open  to  all  the  objections  brought 
against  the  lock  type,  and  it  would  not  be  one  half  so  efficient. 
The  dam,  with  the  Gatum  Lake,  controls  the  Chagres  and  makes 
it  an  efficient  servant  instead  of  a  dangerous  enemy.  Instead 
of  a  narrow,  crooked  ditch  with  currents  and  counter-currents 
to  make  it  dangerous  to  navigation,  we  have  a  broad  and  safe 
lake  with  no  current  at  all.  Listead  of  a  carefully  thought  out 
and  well  matured  plan,  we  would  have  only  an  idea  even  the 
authors  of  which  are  not  in  accord  as  to  the  means  of  carrying 
out. 

There  is  only  one  thing  to  be  feared  in  the  lock  plan,  viz., 
earthquakes— and  that  danger  is  very  remote,  and  if  a  bad  one 
occurred  it  would  be  equally  disastrous  to  the  Gamboa  and  other 
dams,  as  to  the  dam  at  Gatun.  One  of  the  reasons  urged  in 
favor  of  the  Panama  route  was  the  freedom  from  earthquakes 
in  that  region.  But  the  advocates  of  the  sea  level,  or  rather  the 
opponents  of  the  lock  canal,  pay  heed  to  none  of  these  considera- 
tions. They  fill  the  air  with  denunciations  of  the  dam  and 
locks,  and  clamor  for  a  sea  level  canal,  whatever  it  may  be — 
onlv  a  sea  level  canal ! 
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I  wish  to  acknowledge  my  indebtedness  to  Senator  Thomas 
C.  Carter,  to  Capt.  F.  C.  Boggs  of  the  Isthmian  Canal  Com- 
mission in  Washington,  to  Governor  J.  C.  S.  Blackburn  of  the 
Commission  in  Panama,  to  Lt.  Col.  Hodges,  to  Major  W.  L. 
Sibert  and  Major  I.  P.  Jen^ey  and  Col.  Gorgas.  I  wish  to  thank 
these  gentlemen  for  their  kindness  and  unfailing  courtesy  and 
readiness  to  give  any  information  in  their  power.  In  fact,  we 
found  all,  officers  or  employees,  high  or  low,  most  ready  to  give 
us  any  facts  or  figures  which  we  might  ask  for.  I  shall  look  back 
with  pleasure  to  the  time  I  spent  on  the  Isthmus  viewing  the 
grandest  engineering  work  of  civilization. 

I  have  tried  to  set  before  you  the  condition  of  affairs  on 
the  Isthmus  and  show  the  advantages  of  the  adopted  plan.  I 
have  done  this,  I  know%  very  imperfectly,  but  it  does  seem  to 
me  that  the  testimony  of  the  gentlemen  engaged  in  this  work, 
in  view  of  what  they  have  already  accomplished,  of  their  high 
professional  standing  and  of  the  careful  and  painstaking  investi- 
gations they  have  made,  that  their  testimony  and  opinion  should 
outweigh  the  opinions  of  those  \yho,  in  criticizing,  have  no 
definite  idea  of  what  should  be  offered  in  exchansfe. 


PEAT  AS  FUEL. 

ORIGIN    AND   CHARACTER. 

Peat  is  partly  decomposed  vegetable  matter  that  has  formed  either  where 
the  ground  is  saturated  with  water  most  of  the  time  or  where  it  is  permanently- 
covered  with  water.  It  is  the  dark-colored  or  nearly  black  soil  found  in  bogs 
and  swamps,  commonly  known  as  muck,  although  technically  a  distinction  is 
made  between  peat  and  muck,  the  latter  name  being  restricted  to  those  forms 
of  swamp  deposits  that  contain  too  much  mineral  matter  to  burn  freely. 
Dry  peat  may  be  very  fibrous  and  light  colored,  or  compact  and  structureless 
and  dark  brown  or  black.  It  is  usually  somewhat  lighter  in  color  when  dry 
than  when  freshly  dug.  When  wet  it  contains  as  a  rule  from  80  to  90  per 
cent,  or  more  of  water ;  that  is,  a  short  ton  of  wet  peat  rarely  contains  more 
than  300  pounds  of  dry  peat  and  may  yield  as  little  as  100  pounds.  In  the 
wet  condition  it  is  entirely  non-combustible,  and  the  various  processes  by 
which  it  is  prepared  for  use  or  market  consist  principally  of  methods  for 
ridding  it  of  water  quickly  and  cheaply  and  for  increasing  its  fuel  efficiency 
and  transportability. 

A   VALUABLE  RESOURCE. 

The  great  peat  deposits  that  are  widely  scattered  in  the  northern  part 
of  the  United  States  have  at  various  times  aroused  strong  public  interest.  In 
the  winter  of  1902-3,  for  instance,  when  the  strike  of  the  coal  miners  in  the 
anthracite  region  of  Pennsylvania  brought  the  countrv  to  realize  that  it  was 
to  a  large  extent  dependent  on  these  miners  and  their  employers  for  an 
important  part  of  its  fuel  supply,  a  number  of  writers  familiar  with  the  con- 
ditions in  the  countries  of  northern  Europe  called  attention  to  the  fact  that 
those  countries,  possessing  a  climate  much  more  severe  than  ours,  were  using 
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great  quantities  of  peat  for  fuel,  while  in  this  country,  although  the  material 
was  abundant,  it  had  only  exceptionally  been  prepared  for  use  and  then  in 
the  crudest  way.  During  the  next  few  months  many  experimental  and 
speculative  plants  were  established  to  convert  peat  into  fuel,  but  unfortunately 
many  of  these  attempts  were  financially  unsuccessful,  and  as  the  strike  was 
soon  over  and  coal  could  again  be  had  at  reasonable  prices  and  very  little 
peat  fuel  was  put  on  the  market  at  any  price,  interest  in  peat  waned  and  at 
the  present  time  the  public  is  almost  indififerent  to  it.  In  the  few  places 
where  it  can  be  purchased,  however,  it  finds  a  ready  sale  and  is  thoroughly 
satisfactory  for  all  domestic  uses. 

An  interesting  account  of  the  nature,  origin,  and  uses  of  peat  appears 
in  a  report  by  E.  S.  Bastin  and  C.  A.  Davis,  on  the  peat  deposits  of  Maine, 
which  has  just  been  published  by  the  United  States  Geological  Survey  as 
Bulletin  -^l^-  Copies  of  this  bulletin  may  be  obtained  free  of  charge  by 
applying  to  the  Director  of  the  Survey  at  Washington,  D.  C. 


PRODUCTION  OF  SLATE  IN  1908. 

VALUE   OF  OUTPUT. 

The  value  of  the  slate  quarried  and  sold  in  the  United  States  in  1908,  as 
reported  to  the  United  States  Geological  Survey,  amounted  to  $6,316,817,  an 
increase  of  $297,597  over  the  value  of  the  1907  output — $6,019,220 — in  spite  of 
the  general  business  depression  which  prevailed  during  the  latter  year. 

This  increase  was  in  the  production  of  slate  for  roofing,  most  of  the 
slate  quarried  in  this  coimtry  being  used  for  that  purpose.  In  1908  the 
quarries  yielded  1,333,171  squares  of  roofing  slate,  having  a  total  value  of 
$5,186,167  and  an  average  value  of  $3.89  per  square.  In  1907  the  roofing- 
slate  output  was  reported  at  1,277,554  squares,  valued  at  $4,817,769,  or  %Z'77 
per  square.  The  increase  in  the  output  of  this  material  in  1908  was  therefore 
55,617   squares  in  quantity  and  $368,398  in  value. 

The  value  of  the  slate  quarried  for  other  uses — such  as  blackboards, 
school  slates,  flooring,  sinks,  and  laundry  tubs,  sanitary  ware,  table  tops, 
mantels,  and  hearths — decreased  from  $1,201,451  in  1907  to  $1,130,650  in  1908 
— a  loss  in  value  of  $70,801. 

PRODUCING    STATES. 

The  States  producing  the  largest  amount  of  slate  are  Pennsylvania  and 
Vermont.  Pennsylvania,  whose  output  in  1908  was  valued  at  $3,902,958,  fur- 
nishes more  than  half  of  the  roofing  slate  and  of  the  milling  stock  and  is  the 
only  State  reporting  a  production  of  blackboards  and  school  slates.  About 
one-fifth  of  the  milling  stock  and  more  than  one-third  of  the  roofing  slate 
wxre  quarried  in  Vermont,  whose  output  in  1908  was  valued  at  $1,707,616. 
The  other  States  producing  slate  in  1908  were  Maine,  whose  output  was 
valued  at  $213,707;  Virginia,  with  an  output  valued  at  $194,356;  New  York 
and  New  Jersej^  with  an  output  worth  $133,494 ;  Maryland,  which  contributed 
$102,186  to  the  total  value  for  the  country;  California,  whose  production  was 
valued  at  $60,000 ;  and  Arkansas,  with  an  output  valued  at  $2,500. 

IMPORTS    AND    EXPORTS. 

But  little  slate  is  imported  into  the  United  States,  and  the  exports, 
which  reached  a  considerable  amount  during  the  strikes  in  the  Welsh  quarries, 
have  decreased  so  that  they  are  unimportant  as  compared  with  the  total 
output. 

REPORT  IN    PREPARATION. 

The  Survey  has  in  preparation  a  report  on  the  slate  industry  of  the 
United  States  in  1908,  which  will  be  published  as  an  advance  chapter  from 
"  Mineral  Resources  of  the  United  States,  1908."  This  report  will  contain, 
in  addition  to  the  statistical  matter,  a  discussion  nf  the  uses  of  the  slates  of 
th»  various  States  by  T.  Nelson  Dale. 
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PEAT  DEPOSITS  OF  MAINE. 

REPORT  BY  THE  GEOLOGICAL   SURVEY. 

As  part  of  an  extended  inquiry  into  tlie  peat  deposits  of  the  country,  the 
United  States  Geological  Survey  has  recently  completed  an  investigation  of 
the  peat  bogs  in  IMaine.  The  field  studies  of  these  hogs  were  made  chiefly 
by  E.  S.  Bastin,  of  the  Survey,  in  the  summer  of  1906,  but  a  few  of  the  bogs 
were  examined  in  the  summers  of  1907  and  1908  by  C.  A.  Davis,  principally 
for  the  purpose  of  determining  what  plants  had  been  most  active  in  forming 
the  peats.  The  expense  of  the  work  was  shared  by  the  Federal  Survey  and 
the  Maine  State  Survey  Commission.  The  report  which  the  United  States 
Survey  has  recently  published  as  Bulletin  376,  bearing  the  names  of  Messrs. 
Bastin  and  Davis  as  joint  authors,  presents  an  estimate  of  the  extent  and 
value  of  the  more  accessible  peat  deposits  of  the  State. 

EXTENT   AND  VALUE  OF  THE  DEPOSITS. 

The  field  test  and  the  analyses  recorded  in  this  report  show  that  Maine 
possesses  immense  resources  of  peat  of  excellent  quality  for  fuel  and  other 
purposes.  In  the  southern  and  eastern  parts  of  the  State  deposits  of  good 
quality  are  most  abundant  in  Androscoggin,  Kennebec,  and  Penobscot  coun- 
ties, and  especially  in  Washington  County.  In  the  northern  part  of  the 
State  tests  were  made  only  in  Aroostook  County  and  along  the  Bangor  and 
Aroostook  Railroad.  Peat  resources  as  great  as  or  greater  than  those  oi 
southern  Maine  undoubtedly  are  to  be  found  in  the  forested  lake  district 
of  the  northern  part  of  the  State.  Their  utilization  is  so  remote  that  testmg 
them  for  the  purpose  of  the  report  was  not  warranted,  but  they  must  be 
considered  in  estimating  the  total  peat  resources  of  the  State.  These 
resources,  except  for  experimental  plants  near  Lewiston  and  Portland,  are 
at  present  undeveloped. 

The  area  of  peat  land  actually  tested  in  preparing  the  report  is  esti- 
mated at  25  square  miles.  The  average  depth  of  the  peat  is  about  10  feet. 
It  is  calculated  that  the  bogs  tested  are  capable  of  yielding  at  least  34,000,000 
short  tons  of  air-dried  machine  peat,  which,  at  $3  a  ton,  would  represent 
a  value  of  more  than  a  hundred  million  dollars.  It  is  probable  that  the 
deposits  tested  from  only  one-tenth  to  one-fifth  of  the  total  peat  resources 
of  the  State. 

N.\TURE    AND    USES    OF    PEAT. 

In  most  of  the  bogs  which  show  any  considerable  amounts  of  peat  the 
material  is  sufficiently  decayed  for  use  as  a  fuel,  but  in  few  places  the  peat 
is  in  the  main  not  well  decayed  and  is  so  fibrous  that  it  is  better  suited  for 
such  uses  as  the  manufacture  of  paper,  moss  litter,  etc.,  than  for  fuel. 

The  report  contains  an  interesting  discussion  of  the  nature,  origin,  char- 
acter, and  economic  value  of  peat  deposits.  The  factors  that  must  receive 
careful  consideration  before  any  deposit  of  peat  can  be  successfully  exploited 
on  a  commercial  scale  are  also  discussed.  The  failure  to  consider  some 
or  all  of  these  factors  in  their  interrelations  accounts  for  most  of  the  marked 
lack  of  success  in  the  attempts  to  use  peat  in  this  country.  Properly  pre- 
pared peat  is  a  good  and  efficient  fuel  and  it  may  be  used  eft'ectively  in  a 
number  of  manufacturing  industries.  The  unfavorable  outcome  of  most 
of  the  business  ventures  connected  with  its  preparation  and  utilization  has 
been  due,  not  to  causes  inherent  in  the  material  itself  or  in  the  product  from 
it,  but  to  easily  preventable  errors,  of  which  the  most  common  has  been 
failure  to  take  advantage  of  the  great  store  of  experimental  and  business 
data  accumulated  in   Europe  during  the  last  century. 

Copies  of  Bulletin  376  may  be  obtained  free  of  charge  by  applying  to  the 
Director  of  the  United  States  Geological  Survey,  Washington,  D.  C. 
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THE  MIXTECA  COUNTRY  IN  THE  STATE  OF  OAXACA, 

MEXICO. 

BY 

JOHN  BIRKINBINE,  Consulting  Engineer, 

Past  President  Franklin  Institute;  American  Institute  of  Mining  Engineers; 
and  Engineers'  Club  of  Philadelphia. 

Mexico  is  a  land  of  surprises,  a  country  of  extremes,  a  nation 
of  contrasts — where  the  old  and  the  new,  the  poor  and  the  rich, 
the  crude  and  the  refined  are  neighbors,  and  where  ultra  con- 
servatism is  elbowed  by  evidences  of  modern  progress. 

The  topography  in  75  miles  jumps  from  ocean  level  to  the 
snow-capped  summit  of  Orizaba,  17,362  feet  above  that  datum, 
and  the  climate  varies  from  perpetual  summer  of  the  Torrid  Zone 
to  perennial  snows  on  Popocatepetl,  its  neighbor  Ixtaccihuatl 
and  other  mountains.  The  flora  include  cacti  of  the  desert, 
wheat  and  maize  of  the  temperate  zone,  cotton,  sugar,  coffee, 
and  luxuriant  tropical  growths  with  flowers  and  orchids  in 
endless  variety.  The  forest  products  of  the  highlands  embrace 
oaks,  pines,  palo-blancho,  mesquite  and  huisachie,  while  the  hot 
country  supplies  rubber,  ebony,  mahogany  and  other  hard  woods. 
Many  stream  beds  are  dry  "  arroyas  "  or  "  barrancas,"  except 
during  brief  intervals  when  flood  conditions  temporarily  trans- 
form these  into  rushing  torrents;  while  the  discharges  of  other 
rivers  are  fairh-  maintained  throughout  the  year,  and  most  water- 
courses have  car\-ed  rugged  canons  in  tlie  rocks  or  deep  gashes 
in  the  alluvial  plains. 

The  topographical  features  have  interfered  with  close  associa- 
tions existing  between  different  portions  of  Mexico,  for  the 
country  may  be  divided  into  the  "  tierra  caliente  ''  and  "  tierra 
alto,"  the  former  comprising  relatively  narrow  strips  of  hot  lands 
bordering  the  Gulf  of  Mexico,  the  Caribbean  Sea  and  the  Pacific 
Ocean,  the  latter  forming  the  main  plateau  bounded  by  the  two 
sierras,  Orientalis  and  Occidentalis.     It  is  these  mountain  range- 
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and  intervening  long  desert  stretches  which  have  made  inter- 
communication difficult. 

The  sierras  approach  each  other  near  the  City  of  Mexico, 
and  the  adjacent  states,  which  are  largely  mountainous,  maintain 
a  population  wliose  density  is  greater  than  that  in  other  portions 
of  the  Republic. 

The  people,  mainly  an  assemblage  of  descendants  of  numer- 
ous tribes,  man}-  speaking  ancient  languages,  are  apparently 
united  and  patriotic  in  supporting  a  government  nominally  repub- 
lican but  by  reasons  of  conditions  nearly  monarchial,  and 
although  our  near  neighbor,  we  fail  to  recognize  that  few  coun- 
tries have  had  the  soil  more  thoroughly  stained  by  the  blood  of 
their  people  than  the  Republic  of  Mexico. 

The  genesis  of  Mexican  history  is  shrouded  in  uncertainty, 
little  being  known  as  to  the  origin  of  the  Toltecs,  Aztecs,  Mix- 
tecas,  Zapotecs,  and  other  ancient  peoples  who  came  'from  un- 
known lands,  but  we  are  told  of  constant  internal  warfare  and 
of  the  sacrifice  of  prisoners.  Then,  nearly  400  years  ago,  Cortez 
with  a  few  hundred  followers  captured  Mexico  with  its  millions 
of  people,  who  for  three  centuries  ^^■ere  dominated  by  rapacious 
rulers  and  slaved  to  fill  the  coffers  of  Spain.  The  tales  of  rapine 
and  plunder,  of  robbery  and  murder,  done  with  the  connivance 
of  the  ruler  of  Spain,  or  often  in  the  name  of  the  Church,  tell 
how  the  inhabitants  of  Mexico  were  ground  under  the  heel 
of  oppression  until  their  number  was  greatly  reduced. 

In  September,  19 10,  Mexico  will  recognize  the  centennial  of 
its  independence,  or  rather  celebrate  the  hundredth  anniversary 
of  Hidalgo's  first  stroke  for  freedom,  as  for  a  half  century  subse- 
c[uently  the  country  was  in  the  throes  of  war  to  establish  a 
government  in  which  the  people  had  some  voice,  no  less  than 
forty  rulers,  usurpers,  governors,  dictators,  presidents,  and  em- 
perors having  disturbed  the  nation  during  this  period.  Hence 
the  peaceful  development  has  been  confined  to  the  latter  part 
of  the  century  which  will  be  celebrated.  Eleven  years  elapsed 
between  the  bold  effort  of  Miguel  Hidalgo  and  the  breaking 
away  from  the  Spanish  yoke  under  Emperor  Iturbide,  and  three 
years  later  (1824)  Guadaloupe  Victoria  was  proclaimed  the  first 
President  of  Mexico. 

A  large  proportion  of  the  fifteen  and  a  half  million  popu- 
lation can  be  considered  as  very  poor,  and  yet  within  a  genera- 
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tion  Mexico  has  passed  from  the  verge  of  bankruptcy  to  a  posi- 
tion among  nations  of  the  Western  Hemisphere  where  its  credit 
is  second  only  to  that  of  the  United  States. 

Although  most  of  the  ii,coo  miles  of  railway  have  been 
constructed  within  twenty-five  years,  these  and  the  telegraph 
lines  are  under  government  control,  and,  while  largely  dependent 
upon  foreign  capital  for  development  of  its  resources,  Mexico 
maintains  a  tariff  which  protects  domestic  manufactures  and 
products. 

Its  system  of  compulsory  education  is  expanding  and  instill- 
ing among  the  people  ambition  to  better  their  condition.     The 

Fig.   I. 


Girls'  school  and  teachers  in  City  of  Tlaxiaco,  illustrating  the]  characteristic   features  of  the 

children. 

peons,  accredited  as  lazy,  cheerfully  perform  tasks  demanding 
physical  exertion  which  would  appall  our  average  workmen,  and, 
proclaimed  as  dishonest,  are  faithful  in  discharging  individual 
trusts  committed  to  them.  In  the  city  streets  elaborately  gowned 
women  are  brushed  by  the  barefoot  Indian  mother  whose  scanty 
costume  is  shared  by  an  infant  swung  on  her  back  in  a  "  rebosa  " 
and  the  burro  with  a  pack  larger  than  himself,  or  the  ''  carga- 
dors  "  bearing  heavy  or  cumberous  burdens  appear  as  competitors 
to  modern  express  wag"ons,  or  as  contrasts  with  elegant  equipages 
or  automobiles. 

Mercantile  houses  and  offices  in  cities  close  for  two  hours  at 
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midday,  nominally  for  ''  siestas  ",  but  few  American  shop-keepers 
or  merchants  devote  more  hours  per  day  to  counter  business  than 
the  average  Mexican  merchant.  However,  the  numerous 
"  fiestas  "  recognized  as  partial  or  full  holidays  reduce  the  aver- 
age of  shop  hours. 

As  a  rule  the  rich  lia\e  large  v,  ealth,  while  the  ]:oor  have  I'ttle, 
if  any,  possessions  beyond  the  limited  wardrobe  which  serves  as 
clothing,  ample  for  the  midday  warmth,  but  apparently  insuffi- 
cient protection  for  the  cool  night  air,  for  in  much  of  Mexico 
one  seeks  the  shade  wliile  the  sun  is  shining,  but  sleeps  under 
blankets  at  night. 

Fig.  2. 


Peon  children  in  the  Mixteca  country. 


It  is  not  unusual  in  "  casas  grandes  "  to  have  formal  dinners 
of  many  elaborate  courses  in  the  middle  of  the  day,  which  inclr.ds 
the  plebian  "  tortillas  "  and  "'  frijoles  ",  the  staple  support  of  the 
peons  throughout  Mexico. 

Appreciating  the  general  conditions  outlir.ed,  it  was  not  sur- 
prising to  find  within  less  than  300  miles  of  the  capital  of  the 
Republic  a  section  of  which  few  in  the  City  of  Mexico  know  little 
except  by  hearsay,  l)ut  which  offers  much  of  interest  in  its  history, 
topography,  products,  its  people  and  their  habits. 

vSoutheast  of  the  capital  lies  the  State  of  Oaxaca,  fronting  on 
the  Pacific  Ocean  for  300  miles,  but  of  its  total  area  of  35,392 
square  miles  (ecjuivalent  to  four-fifths  of  the  area  of  the  State 
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of  Pennsylvania)  the  bulk  is  mountainous,  the  average  elevation 
above  sea-level  approximating-  that  of  its  historic  capital,  Oaxaca. 
5000  feet. 

The  population  of  the  State  in  1900  was  948,633. 

The  only  railroads  within  the  boundaries  are  parts  of  the 
\>ra  Cruz  and  Pacific,  the  Tehuantepec,  and  the  Mexican  South- 
ern roads  (the  latter  connecting  the  cities  of  Puebla  and  Oax- 
aca) ;  the  total  mileage  within  the  State  (370  miles),  reaches 
but  a  small  percentage  of  its  area,  while  the  extent  of  wagon 
roads  in  the  mountains  is  limited.     Tbese  conditions  hold  true 

Fig.  3. 


Fountain  in  ^.larkcl  pla 
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inhabitants 


with  water  which  is  carried  to  their  homes  in  vessels  of  various  kinds. 


for  the  neighboring  State  of  Guerrero,  which  like  Oaxaca  is 
mountainous,  with  but  one  railroad  and  few  wagon  routes  within 
its  borders. 

In  the  central  western  portion  of  the  State  of  Oaxaca,  known 
as  the  Mixteca  country,  live  the  Mixteca  people  who  claim  to 
trace  the  history  of  their  race  to  the  sixth  century  of  the  Chris- 
tian era,  a  mountain  people  whose  pueblas  and  towns  are  located 
in  valleys  of  6000  to  7000  feet  altitude  with  surrounding  moun- 
tains 2000  to  4000  feet  higher.  The  alternation  of  mountain 
ranges  and  fairly  well  watered  valleys  presents  superb  vistas 
from  the  crests  of  divides,  some  showing  beyond  the  valleys  an 
apparent  succession  of  ranges  with  peaks  or  individual  sierras 
overtopping  their  neighbors,  while  views  from  other  passes  pre- 
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sent  such  variety  of  form  and  direction  as  to  merit  the  description 
of  "  scrambled  mountains."  In  one  vallev  is  seen  corn  and 
wheat  as  predominating-,  the  mountain  sides  bearing  trees  of  the 
temperate  zone,  while  another,  which  is  at  lower  average  alti- 
tude, exhibits  large  areas  of  vivid  green  sugar-cane  fields, 
fringed  with  palms  or  banana  trees. 

The  visit  to  the  Mixteca  country  was  made  via  Parian, 
a  water  station  on  the  Mexican  Southern  Railroad,  36  miles 
north  of  Oaxaca,  elevation  4900  feet,  where  the  horse  trail  was 
taken  westward  over  the  mountains,  the  objective  point  being  the 
City  of  Tlaxiaco,  90  miles  distant.  This  trail,  on  most  of  which 
wheeled  vehicles  cannot  be  used,  traverses  a  series  of  steep 
mountains  with  intervening  valleys,  and  in  the  latter  are  located 
the  towns  of  Nochixtlan,  Teposcolula  and  a  number  of  minor 
settlements ;  the  passes  over  the  mountains  ranging  from  8000  to 
8800  feet  above  sea-level. 

Nochixtlan,  a  town  of  3000  inhabitants,  located  7000  feet 
above  sea-level  and  25  miles  from  Parian,  is  supported  by  liberal 
nearby  areas  of  grain  and  corn,  by  tropical  products  from  the 
lower  valley,  and  l^y  pack-train  traffic  passing  through  it  to  and 
from  the  railroad.  The  crests  of  a  group  of  hills,  just  west 
of  the  town,  are  covered  wath  innumerable  pieces  of  broken 
pottery,  much  of  it  evidently  of  great  age,  and  from  among 
this  accumulation  many  small  carved  idols  are  oljtained.  Some 
of  these-  idols  have  faces  and  poses  suggesting  Egyptian  origin, 
others  possess  features  of  decided  Asiatic  cast. 

Teposcolula,  30  miles  west  of  Nochixtlan,  evidently  the  rem- 
nant of  a  more  pretentious  settlement,  is  claimed  to  have  been 
the  ancient  capital  of  Oaxaca.  and  the  remains  of  a  magnificent 
church  edifice  attest  the  important  position  the  town  formerly 
held.  Fluted  stone  columns,  20  to  30  feet  higli  nnd  30  to  40  inches 
in  diameter,  support  1)y  ornamental  groined  arches  the  damaged 
roof  of  the  sacristy,  ^vhile  similar  columns  and  arches  define  por- 
tions of  what  were  the  nave  and  transept,  and  the  dome,  which 
is  elaborately  carved,  is  falling  to  pieces,  fairly  good-sized  trees 
growing  from  it.  The  date  of  construction  is  unknown,  but  an 
adjoining  pretentious  church  edifice  now  in  use  is  claimed  to  have 
been  built  in  1763,  largely  from  material  obtained  from  the  older 
church.  Appearances  suggest  that,  like  many  other  buildings 
in  Mexico,  this  catliedral  was  never  completed,  but  the  architec- 
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ture  and  masonry  work  equal  what  \ve  consider  remarkable  in 
modern  limes,  and,  when  it  is  remembered  that  each  part  had  to 
be  made  of  a  size  which  could  be  transported  from  distant  points 
on  animals,  the  fittings  together  of  these  represents  intelligent 
design,  great  skill,  patience  and  enormous  expenditure  of  labor. 
Another  instance  indicative  of  the  former  importance  of  this 
section  of  the  country  is  in  the  settlement  of  Santa  Maria  Tilte- 
pec,  at  the  base  of  the  mountain  separating  the  valleys  of  the 
Nochixtlan  and  Huajuapam  rivers,  where  there  is  a  large  church 

Fig.  4. 


Transiiortation  methods  aiunK  a  .i^iu  in  u.c  .w:.-,  iLa  country. 

whose  facade  and  sides  are  replete  with  carved  stone  work.  It 
Ijears  the  date  1689,  ^^'^^>  ^s  it  was  probably  a  number  of  years 
in  construction,  was  being  built  at  the  time  William  Penn  settled 
in  Philadelphia.  The  exterior  of  the  building,  the  liberal  display 
of  gilded  ornamentation  of  the  interior,  and  the  tlaborately  decor- 
ated organ,  are  in  marked  contrast  with  the  surrounding  habi- 
tations, consisting  of  some  two-score  huts  with  adobe  or  cane 
sides  and  roofs  thatched  with  split  aloe  or  palm  leaves. 

At  Tejxiscolula  the  main  trail  forks,  one  branch  passing- 
southwest  to  Tlaxiaco,  the  other  northwest  to  Huajuapam,  the 
two  prominent  cities  of  the  Mixteca  country. 

In  towns  and  villasres  a  few  "  carretas  "'  drawn  bv  oxen  were 
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in  evidence,  but  these  are  employed  only  on  the  streets  or  on  adja- 
cent farm  lands  in  the  valley,  for  even  these  crude  wooden  con- 
structions, in  which  no  iron  is  used,  cannot  cover  the  steep,  rough 
and  often  narrow  trails  across  the  mountains. 

Tlaxiaco,  a  progressive  town  of  8000  inhabitants,  with  sub- 
stantial buildings,  is  90  miles  from  a  railroad  or  from  any  con- 
tinuous highway  upon  which  wheeled  vehicles  are  used,  and 
nearby  settlements  add  several  thousands  to  the  town's  impor- 
tance. It  is  well  built,  having  some  handsome  houses  and  large 
stores,  supporting  an  electric  plant  for  street  lighting  oper- 
ated by  steam  engines  supplied  by  a  30  horse-power  boiler 
fired  with  wood,  and  telegraph  and  telephone  are  also  installed. 
The  boiler,  engine,  and  generators  were  carried  or  dragged  to  the 
town  and  among  cumbersome  furniture  which  one  is  surprised 
to  find,  owing  to  the  difficulty  of  transportation,  are  pianos,  bil- 
liard tables,  or  large  mirrors,  and  the  whirr  of  the  sewing 
machines  and  click  of  type-writers  are  in  evidence.  On  Satur- 
days the  broad  market  place  is  a  scene  of  great  activity,  when 
pottery-makers,  weavers  of  "  sarapes  ",  "  rebosas  ",  "  serviettas  ", 
baskets,  and  hats,  iron  workers,  wood  choppers,  charcoal  burners 
and  farmers,  the  latter  with  his  maize  and  "  zacate  ",  barter  their 
products  for  meat,  fresh  vegetables,  tropical  fruits,  skins,  sugar 
cane,  "  pulque  "  and  '*  aquadiente."  The  attendance  ranges  from 
3000  to  4000,  making  the  scene  active  and  alive  with  color,  and 
some  vendors  travel  for  two  or  three  days  to  reach  the  market. 

A  purchaser  entering  a  Tlaxiaco  store  finds  many  surprises 
in  the  extent  and  variety  of  stock  carried,  and  the  number  of 
sewing  machines  sold  in  this  Mixteca  country  is  sufficient  to  en- 
courage the  maintenance  of  special  depositories,  the  noise  of  the 
shuttle  often  coming  from  a  one- room  adobe  or  cane  hut  with 
thatched  roof  far  from  the  towns. 

A  ride  in  one  of  the  two  passenger  wheeled  conveyances  of 
which  Tlaxiaco  boasts  was  a  special  compliment  tendered  by  a 
wealthy  merchant.  The  road  was  rocky  and  rough,  but  two 
strong  mules  drew  the  buckboard,  for  such  it  was.  through  the 
city  and  out  upon  the  hill  on  which  San  Pedro,  the  ancient 
city,  formerly  stood.  With  this  exception  no  vehicle  for  travel 
was  seen  until,  after  following  the  trail  for  200  miles,  a  "  dili- 
gencia "  drawn  by  five  mules  was  utilized  to  climb  a  steep 
mountain  face  by  a  zig-zag  road  which  in  five  miles  overcame  a 
difference  in  altitude  of  1500  feet. 
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A  collection  of  adobe  huts,  a  cemetery,  and  a  church  cover 
the  site  of  San  Pedro  where  General  Porfirio  Diaz  routed  the 
allied  French  and  Austrian  troops  in  1866,  a  location  whicli  justly 
wins  for  Tlaxiaco  the  term  "  Buena  Vista."  for  there  are  grand 
mountain  views  on  all  sides.  When  the  writer  subsequently  in- 
formed President  Diaz  of  this  visit,  the  soldier  immediately  over- 
shadowed the  statesman,  as  with  sparkling  eyes  and  dramatic 
gestures  the  veteran  recited  details  of  the  warfare  carried  on 
among  the  mountains  of  the  Mixteca  country,  and  told  of  bold 
strategic  methods  b}'  which  forces  greatly  superior  in  number 
and  equipment  were  defeated. 

In  the  valleys,  which  have  elevations  ranging  from  5000  to 
7500  feet  and  are  fairly  well  watered  and  cultivated,  corn,  wheat, 
and  some  sugar  cane  are  the  staple  products.  In  towns  adobe 
dwellings  and  stores  and  the  ubiquitous  Mexican  churches  are 
in  evidence,  but  the  majorit}^  of  the  people  live  in  pueblas,  collec- 
tions of  adobe  or  cane  huts,  thatched  with  maguey  or  palm  leaves, 
and  the  most  of  the  population  are  known  as  Mixteca  Indians- 
Outside  of  the  larger  cities  but  little  Spanish  is  spoken,  the  lan- 
guage of  the  Mixtecas  being  quite  distinct,  sometimes  suggestive 
of  the  Orient,  and  occasional  types  of  Indians  resemble  the 
Asiatics. 

Some  of  the  Mixtecan  words  and  their  equivalents  in  Spanish 
(the  language  which  predominates  in  Mexico)  and  in  English 
are: 

Mixtecan. 

Yute 

Vee 

Hindute 

Rutu  _ 

Ticallinutu 

Yxtatila 

Dndojo 

Hichi 

Te 

These  apply  to  the  Mixteca  country  only,  for  within  a  few 
leagues  other  dialects  differing  in  many  features  prevail. 

The  triumvirate  honored  by  patriotic  Mexicans  consists  of 
Hidalgo,  Juarez  and  Diaz.  Of  these  President  Diaz  was  of 
Mixtecan  parentage,  and  his  tutor  Juarez  came  fron*i  the  neigh- 
boring Zapotecs.  The  President's  familiarity  with  the  Mixteca 
country,   its  mountains,   streams,  towns,  pueblas  and  its  trails. 


English. 

Spanish. 

River 

Rio 

House 

Casa 

Water 

Agua 

Tree 

Arbol 

Charcoal 

Carbon 

Bread 

Pan 

Corn-fodder 

Zacate 

Trail 

Camino 

Man 

Hombre 
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was  made  apparent  in  two  interviews  in  which  he  showed  an  inti- 
mate knowledge  of  conditions  and  resources.  As  a  soldier  he 
traversed  the  mountains  of  Oaxaca,  and  among  the  engagements 
mentioned  on  his  mihtar\-  record  are  those  of  Nochixtlan,  Hua- 
juapam  and  Tlaxiaco. 

In  a  country  remote  from  a\enues  of  transportation,  and 
where  mountains  interfere  with  constructing  wagon  roads,  crude 
methods  of  manufacture,  agriculture  and  industry  are  to  be 
expected.  A  soil  fertile  by  nature  is  limited  in  production  by 
shallow  culti\ation  with  the  wooden  plow.     The  clip  from  herds 

Fig.   ;i. 
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Ferreria  (Catalan  forge)  in  Oaxaca.     Note  the  water-fall  in  back  of  the  building  which  furnishes 
power  to  operate  the  hammer  and  water  wheel  and  also  for  blast  by  means  of  a  trompe. 

of  sheep  and  goats  wliicli  range  the  mountains  and  by  devouring 
the  younger  growth  prevent  forest  reproduction,  is  carded,  spun 
and  woven  by  hand  into  articles  for  personal  wear  and  domestic 
use. 

Iron  ore,  won  from  deposits  which  have  large  reserves  of  ex- 
cellent mineral,  wath  cliarcoal.  made  in  the  woods  in  small  meilers. 
is  fed  to  open  forge  fires,  both  ore  and  fuel  being  transported  in 
sacks  on  burros.  A  column  of  w-ater  falling  in  a  wooden  trompe 
produces  blast  to  accelerate  the  fire,  and  the  loupe  when  completed 
is  wrought  under  a  helve  hammer  operated  by  a  water  wheel, 
the  bars  or  anchovies  being  sold  in  towns  at  from  4  to  6  cents 
(gold)    per  pound.     The   abundance   of  iron   ore   and   the   un- 
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wrought  deposits  of  coal  in  the  Mixteca  country  give  promise 
of  a  more  extensive  modern  iron  industry  in  the  future. 

The  coal  is  apparently  in  the  upper  Jurassic  formation,  and 
in  this  respect  differs  from  that  now  mined  from  the  cretaceous 
horizon  of  Northern  Mexico.  The  mineral  from  each  of  three 
basins  explored  is  classed  as  bituminous,  csLvrying  considerable 
ash,  but  one  section  in  ^^'estern  Oaxaca  produces  coal,  made 
dense  probably  by  compression  until  it  resembles  anthracite  and 
burns  without  smoke.  The  extent  of  this  basin  is  being  tested 
by  the  Oaxaca  Iron  and  Coal  Company  bv  numerous  exploratory 

Fig.  6. 


Lumps  of  coal  at  the  mouth  of  an  exploratory  drift  near  TezoatJan,  Oaxaca.  The  wheel- 
barrow is  used  under  protest,  the  natives  preferring  to  handle  the  coal  in  crude  litters  as  shown 
in  the  background. 


drifts,    supplemented   b}'   two   diamond   drills   which   have  been 
carried  over  mountain  trails  to  the  worlcings. 

The  topographical  and  geographical  location  of  the  Oaxaca 
coal.  6000  to  7000  feet  above  sea-level,  and  300  miles  from  the 
City  of  Mexico,  whose  altitude  is  7500  feet,  as  compared  with  the 
Coahuila  coal  from  Xorthern  ^Mexico,  elevation  1500  feet  and 
distant  830  miles  from  the  capital,  offer  inducement  for  their 
development,  and  reconnaissance  indicates  that  by  routes  approxi- 
matelv  following  water  course?  satisfactory  railroad  connection 
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can  be  made  with  the  Oaxaca  coal  fields,  and  that  this  may  be 
extended  to  the  Pacific  coast. 

The  mountains  of  Oaxaca  also  yield  ores  of  the  precious 
metals,  of  antimony,  copper  and  lead,  some  of  which  are  won, 
transported  and  smelted  by  crude  methods,  while  others  are 
exploited  and  treated  with  modern  equipment. 

Some  contrasts  in  the  Mixteca  countiy  are  most  pronounced ; 
in  the  treatment  of  sugar  cane,  one  may  see  in  use  crude  wooden 
or  stone  rolls  rotated  by  animal  or  water  power,  and  all  inter- 
mediate methods   between   these   and   modern   mills  thoroughly 

Fig.  7. 


Band  at  City  of  Tlaxiaco.     Note  modern  instruments,  youthful  performers,  leader,  and  patron  to 
whose  generosity  the  band  owes  much  of  its  success. 

equipped,  the  latter,  however,  being-  convenient  to  railway  trans- 
portation. 

That  the  Mixtecans  as  a  rule  are  industrious  was  evidenced 
by  the  many  who,  while  directing  pack  trains  over  the  trails,  were 
weaving  hats  or  mats,  and  by  the  sound  of  the  loom,  or  even 
the  modern  sewing  machine  in  mud  or  cane  shacks.  Their  physi- 
cal endurance  is  illustrated  by  bearing  heavy  burdens  for  many 
miles,  over  rough  trails,  keeping  up  a  fast  trot  the  while. 

Like  most  Mexicans,  the  people  are  fond  of  music,  and  the 
large  towns  support  gool  bands,  whih  smaller  settlements  each 
have  an  orchestra  of  some  kind.  In  Tlaxiaco  serenades  were 
tendered  by  orchestra  and  by  band,  the  latter,  having  30  members 

Vol.  CLXVIII,  No.  1005—16 


212  John  Birkinbine. 

(a  number  of  whom  were  boys)  supplied  with  instruments  famil- 
iar to  ourselves,  rendered  popular  and  classic  music  with  excellent 
effect  from  scores  illumined  by  candles.  On  another  occasion 
the  orchestra  from  Tezoatlan  crossed  a  mountain  trail  for  15 
miles  to  serenade  the  camp ;  one  of  the  numbers  played  being-  a 
tuneful  composition  by  a  member  of  the  orchestra. 

A  daily  wage  rate  of  50  centavos  (25  cents  gold)  does  not 
permit  these  ]\Iixteca  bands  and  orchestras  the  luxury  of  uni- 
forms, hence  the  favorable  impression  develops  when  hearing 
well-known  selections  played  in  good  time  and  tune  by  men  and 
boys  clad  in  linen  trousers  and  ])louse,  with  a  "  sarape  "  on  the 
shoulder,  a  "  sombrero  "  on  the  head,  and  sandals  on  the  feet. 
(The  members  of  the  band  and  the  school-girls  of  Tlaxiaco  were 
dressed  for  the  important  occasion  when  the  photographs  were 
taken  from  which  illustrations  were  reproduced.) 

The  "  sara[)e  ",  a  constant  companion  for  all  Mexicans,  serves 
as  a  coat  bv  day,  a  cover  by  night,  and  a  cushion  to  soften  the 
load  carried  on  the  shoulders:  but  in  the  rainy  season  a  coat 
made  of  palm  leaves  is  often  worn. 

The  Mixteca  country  is  not  peculiar  in  the  loose  sexual 
relations  which  prevail,  due  to  the  absence  of  legal  or  religious 
marriage  formalitv  among  many  of  the  poorer  people,  for  in  much 
of  Mexico  a  large  percentage  of  the  children  of  the  peons  are 
illegitimate.  It  is  claimed  that  in  the  divorcement  of  Church  and 
State,  which  was  enforced  under  Juarez,  the  government  refused 
to  sanction  religious  marriages  owing  to  the  political  machina- 
tions which  liad  been  carried  on  by  a  then  dominant  clergy.  But 
as  the  fee  for  a  legal  civil  marriage,  or  that  often  demanded  for 
a  religious  union,  is  be^.-ond  the  ability  of  tlie  really  iX)or,  these 
loose  relations  are  maintained,  winked  at  by  both  State  and 
Church.  Many  of  these  voluntary  ties  apparently  result  in 
happy  associations,  and  families  seem  to  have  bonds  of  affection ; 
but  if  Mexico  is  to  truly  prosper,  it  will  be  necessary  to  have 
its  coming  generations  imbued  with  the  spirit  w^hich  is  expressed 
bv  the  Commandment  "  Honor  thy  Father  and  thy  Mother," 
and  the  respect  and  love  which  this  spirit  develops. 

Although  this  section  of  Mexico  is  subject  to  wet  and  dry 
seasons,  there  is  usually  sufficient  intermediate  deposition  of  rain 
to  permit  of  dry  farming  for  grains,  but  where  irrigation  is 
practiced  the  crops  are  more  diversified,  larger,  and  dependable. 
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Many  streams  having  their  sources  in  the  higher  mountains 
are  well  maintained  in  the  dry  seasons,  offering  possibilities  for 
water  power  improvement,  and  one  of  the  camps  on  the  Mixte- 
pec  River  w-as  at  the  mouth  of  a  gorge  whose  nearly  vertical 
walls  rise  for  200  feet  above  the  stream  which  rapidly  falls 
through  the  canon  formed,  suggesting  a  site  for  future  hydro- 
electric installation. 

Throughout  the  Mixteca  country  numerous  churc]:es,  a  large 
portion  being  pretentious,  well-built  structures,  attest  the  exten- 

FiG.  8. 


Part  of  the  Ruins  of  Mitla,  Oaxaca,  which  have"  been  excavated,  showing  the  interior  patio 
of  the  North  Court,  the  absence  of  arched  construction,  the  use  of  monolithic  lintels,  and  some 
varieties  of  mosaics. 


sion  of  the  Spanisli  concjuest  to  Western  Oaxaca.  Cities  or  im- 
portant pueblos  boast  of  several  churches,  and  some  large 
structures  crown  hills  with  but  a  scattered  assemblage  of  huts 
for  companions.  The  architecture  varies  but  little  from  a  gen- 
eral design  Avhich  is  repeated  except  in  a  few  instances,  but  some 
of  the  carv^ed  stone  work  is  unicjue. 

Beyond  the  broken  pottery,  small  stone  idols,  copper  tools, 
and  some  evidently  ancient  foundations  or  walls,  there  are  few 
reminders  of  the  peoples  who  many  centuries  ?go  lived  among  the 
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mountains  of  Oaxaca.  But  noted  relics  of  ability  and  industry 
evidenced  by  races  whose  history  is  now  mere  conjecture,  are 
adjacent  to  the  ]Mixteca  country,  such  as  the  carved  stones  of 
Mont  Alban,  and  the  elaborate  mosaic  work  at  Mitla.  More 
careful  research  may  expose  some  of  these  ruins  representing 
earlier  civilization  in  the  Mixteca  country. 

Fig,  o. 


Detail  from  the  Ruins  of  Mitla,  Oaxaca.  showing  some  of  the  mosaic  work,  so  well  laid  and  closely- 
jointed  as  to  have  withstood  the  ravages  of  time  for  unknown  centuries. 

We  of  the  United  States,  taught  that  our  Continent  when 
discovered  by  Columbus  was  peopled  by  ignorant  savages,  have 
difficulty  in  realizing  that  within  less  than  thirty  years  after  this 
generally  accredited  discovery,  Cortez  landed  in  Mexico  and 
found  in  temples  and  structures,  manv  of  which  were  subse- 
quentlv  destroyed,  evidences  of  what  may  be  considered  a 
civilization. 
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The  illustrations  presented  are  of  work  done  before  the 
advent  of  either  Columbus  or  Cortez  by  inhabitants  of  Mexico 
whose  history  seems  to  have  been  forgotten. 

The  cliff  houses  and  other  scattered  relics  of  an  ancient  people 
in  what  is  now  the  United  States  may  be  increased  by  future 
investigation,  but  we  cannot  expect  these  to  rival  the  ancient 
ruins  of  Mexico,  Central  or  South  America. 

It  is  claimed  that  the  Mixtecas  formerly  occupied  most  of  the 
States  of  Oaxaca  and  Guerrero  and  a  portion  of  Puebla  but  were 
driven  from  the  Isthmus  of  Tehuantepec  by  the  Zapotecs.  They 
were  devoted  to  agriculture  while  not  engaged  in  warfare  with 
the  Zapotecs,  Aztecs  or  other  tribes,  but  succumbed  to  the 
Spanish.  They,  how^ever,  were  prompt  in  aiding  to  drive  the 
Castilians  from  the  country,  active  in  the  overthrow  of  the 
Maximilian  dynasty,  and  evidenced  on  many  occasions  the 
patriotism  which  seems  to  be  inborn  in  mountain  people. 

The  march  of  progress  in  Mexico  has  scarcely  touched  the 
Mixteca  country,  but  it  may  be  expected  to  ultimately  extend 
throughout  its  mountains  and  valleys,  developing  its  mineral 
wealth,  waking  the  echoes  by  the  locomotive  whistle  or  automo- 
bile shriek,  advancing  the  earning  power  of  its  people,  and  en- 
couraging in  them  new  ambitions.  With  modern  equipment 
more  intense  agricultural  development  wull  result ;  with  water 
powers  improved,  coal  mined,  and  mechanical  appliances  installed, 
manufacturing  will  expand,  and  with  increasing  education  the 
section  may  be  expected  to  take  decisive  progressive  steps. 


TIMBER  SEASONING  AND  WOOD   PRESERVATION. 

In  recent  years  the  importance  of  preserving  timber  from  decay  by  the 
use  of  various  antiseptics  has  been  generally  recognized  in  the  United  States. 
The  value  of  properly  seasoning  timber  before  such  treatment  is  not  so 
generally  known,  though  it  is  one  of  the  most  important  features  of  the 
treatment. 

There  are  three  main  advantages  to  be  derived  from  the  proper  seasoning 
of  timber,  namely :  The  increase  in  strength  of  the  timber,  the  greater  ease 
of  injection  of  antiseptics  for  preserving  the  timber,  and  the  saving  in  freight 
charges  due  to  the  decreased  weight. 

From  thorough  tests  made  by  the  Forest  Service  on  various  pieces  of 
timber,  it  appears  that  thoroughly  air-dry  or  seasoned  timber  has  about 
double  the  strength  of  the  green  material.  It  is  well  known  to  all_  operators 
of  wood-preserving  plants  that  antiseptics  are  not  only  difficult  to  inject  into 
green  wood,  but  that  it  is  practically  impossible  to  obtain  a  uniformly  satis- 
factory treatment  of  such  material  at  an  economic  cost,  for  the  purpose  of 
insuring  a  prolonged  life. 
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The  last  item  would  at  first  seem  too  trifling  to  be  worthy  of  discussion, 
but  from  data  obtained  only  recently  it  appears  that  western  yellow  pine  lost 
50  per  cent,  of  its  green  weight  after  three  to  five  months  seasoning.  This 
means  a  saving  of  50  per  cent,  of  the  freight  charges  and  a  corresponding 
saving  in  the  handling  of  the  timber,  and  is  therefore  a  far  too  important 
point  to  overlook. 

Considering  these  three  points,  it  will  be  seen  that  there  is  not  only 
a.  material  saving  in  the  seasoning  of  timber,  but  also  a  proportionate  increase 
in  the  value  of  timber  as  a  structural  material.  The  seasoning  of  timber  is 
never  an  expensive  operation,  even  when  done  artificially.  In  the  southern 
parts  of  the  United  States,  a  satisfactory  degree  of  seasoning  could  be  ob- 
tained by  exposure  of  the  timber  to  the  air  for  a  period  of  three  to  six 
months.  In  some  of  the  northern  states,  however,  a  somewhat  longer  period 
is  necessary  to  secure  satisfactory  results. 


MAINE  COMMISSION  REPORTS  LOG  RULES 

The  Maine  State  Legislature  in  1907  appointed  a  commission  of  three 
with  the  Forest  Commissioner  an  ex-officio  fourth  member,  to  investigate 
the  methods  of  scaling  logs  and  lumber  and  to  report  to  the  next  Legislature. 
On  this  Commission  William  J.  Lanigan  of  Waterville,  Fred  A.  Gilbert  and 
Hosea  B.  Buck  of  Bangor,  and  Edgar  E.  Ring,  Forest  Commissioner,  of 
Orono,  were  appointed  by  Governor  Cobb.  It  is  a  commission  of  practical 
business  men  from  wood-using  industries.  After  holding  hearings  in  the 
different  lumbering  districts  of  Maine,  the  following  conclusions  were 
reported  in  substance : 

"  The  method  of  measuring  manufactured  lumber  seems  satisfactory 
and  no  change  is  recommended. 

'■  The  lack  of  uniformity  in  methods  of  scaling  logs  leads  to  great 
confusion  and  general  dissatisfaction  on  the  different  rivers  in  Maine. 

"  The  log  rules  in  use,  especially  by  the  New  Hampshire  and  the  Maine 
or  Holland  rules,  give  fair  results  only  for  short  logs,  but  are  unsatisfactory 
for  longer  logs. 

■■  The  board  foot  is  not  the  proper  unit  for  log  measure,  since  it  is 
relevant  only  in  case  of  lumber  manufacture,  but  is  entirely  irrelevant  in 
pulp,  staves,  veneer,  and  other  industries. 

"  The  cubic  foot  should  be  the  unit  of  measure,  and  each  manufacturer 
should  calculate  the  product  he  could  manufacture  in  board  feet,  pounds  of 
pulp,  number  of  staves,  and  square  feet  of  veneer,  and  fix  the  price  ac- 
cordingly. 

"  The  contract  logger  figuring  in  cubic  feet  would  then  be  paid  according 
to  the  weight  he  handles,  whether  the  logs  are  large  or  small.  In  contracting 
by  the  thousand  board  feet,  as  is  now  done,  he  handles  a  larger  weight  of 
small  logs  per  thousand  than  of  large  logs. 

"  The  Commission  recommends  the  substitution  of  a  cubic  foot  caliper 
rule  as  the  legal  rule  for  Maine,  arguing  that  besides  applying  to  all 
industries  involved  it  would  aid  economical  logging  and  full  utilization  of 
material." 

It  is  very  evident  that  if  log  measurement  is  to  be  standardized  for  the 
entire  country  the  cubic  foot  caliper  rule  applied  at  the  middle  of  the  log 
will  be  applicable  for  all  States,  all  industries,  all  species,  whatever  their 
taper,  and  for  long  logs  as  well  as  for  short  logs.  While  the  volume  is  not 
entirely  exact  by  the  midde  diameter  method  for  very  long  logs,  the  error 
is  very  small  in  favor  of  the  buyer.  But  it  gives  by  far  the  better  result  in 
comparison  with  end  diameter  measurement,  even  when  the  latter  method 
makes  allowance  for  "  rise  "  or  taper. 

If  the  Maine  Legislature  adopts  the  rule  recommended,  the  lumbermen 
and  foresters  say  the  State  will  be  setting  a  standard  rule  that  may  be 
followed  with  profit  by  all  the  other  States. 
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NAVAL  STORES  PRODUCTION  IN   1908  AND  1907  REPORTED. 

The  production  of  more  than  36,500,000  gallons  of  turpentine  and  more 
than  4,000,000  barrels  of  rosin,  with  a  valuation  of  more  than  $14,000,000  for 
the  turpentine  and  nearly  $18,000,000  for  the  rosin,  summarizes  the  output 
of  the  Naval  Stores  industry  for  1908,  according  to  the  preliminary  report 
of  the  United  States  Forest  Service  just  completed.  The  study  was  provided 
for  in  a  special  appropriation  of  $10,000  by  Congress  and  the  report  con- 
tains the  most  complete  and  accurate  statistics  ever  gathered  for  the  Naval 
Stores  industry  in  this  country,  and  covers  the  production  for  both  1907 
and   1908,  giving  comparative  figures  for  the  two  years. 

Of  the  eight  Southern  states,  each  producing  more  than  200,000  gallons 
of  turpentine  and  25,000  barrels  of  rosin,  Florida  leads  the  list  with  17,030,300 
gallons  of  turpentine  in  1908  against  15,572,700  gallons  in  1907,  and  1,932,114 
barrels  of  rosin  in  1908  against  1,774,370  barrels  in  1907. 

Georgia,  Alabama,  Mississippi,  Louisiana,  North  Carolina,  South  Carolina, 
and  Texas  follow  in  the  order  named.  The  comparative  report  of  the 
production  by  states  is  as  follows  : 

1908  1907 

Turpentine  Gallons     Rosin  Barrels     Turpentine  Gallons    Rosin  Barrels 

Florida    17,030,300 

Georgia  10,347,800 

Alabama  3,744,050 

Mississippi  2,277,850 

Louisiana  1,696,250 

North   Carolina 732,300 

South    Carolina 559,800 

Texas    200,650 


36,589,000 


1,932,114 

1,203,059 

446,909 

277.704 

195,804 

131,907 

72,125 

28,661 

15,572,700 

10,119,500 

3,544,300 

2,232,500 

1,134,100 

916,400 

586,950 

74,350 

1,774-370 
1,173.575 

418,496 
255,307 
126,346 
168,561 

75,057 
7,609 

4,288,283 

34,180,800 

3,999,321 

While  these  figures  show  an  increase  of  2,408,200  gallons  of  turpentine 
and  288,962  barrels  of  rosin  for  1908  over  1907,  there  was  a  marked  decrease 
in  the  value  of  the  product  for  1908  as  cornpared  with  the  preceding  year. 
1  his  was  due  to  the  great  decrease  in  the  prevailing  prices  for  turpentine  for 
1908  and  the  slight  decrease  in  the  prevailing  prices  for  rosin  during  the 
same  year.     The  value  of  the  product  for  the  two  years  follows : 

Turpentine,  1908,  $14,112,377.32;  1907,  $18,283,309.93;  rosin,  1908,  $17,783,- 
509.61;  1907,  $17,317,059.93;  a  difference  in  the  value  of  the  combined  output 
of  $3,704,482.93  in  favor  of  1907. 

The  figures  used  for  determining  the  value  of  turpentine  and  rosin  for 
the  two  years  are  based  on  the  market  quotations  at  Savannah,  the  recognized 
naval  stores  market  of  the  United  States.  The  average  price  received  for 
turpentine  manufactured  in  1908  was  $0.3857  per  gallon,  and  in  1907  was 
$0.5349  per  gallon.  The  average  price  received  for  rosin  in  1908  was  $4- 14 
per  barrel  and  in  1907  was  $4.33  per  barrel. 

The  number  of  operations  for  the  two  years  were  distributed  among  the 
eight  states  as  follows : 

1908  1907 

Alabama    192  185 

Florida    633  595 

Georgia    666  643 

Louisiana    25  22 

Mississippi    94  93 

North  Carolina   41  48 

South  Carolina  Z7  39 

Texas 8  4 

1,696  1,629 
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The  increase  in  production  for  1908  over  1907  was  due  to  more  favorable 
weather  and  labor  conditions  than  to  increased  operations.  But  few  operators 
increased  their  operations,  owing  to  the  disorganized  condition  of  the  market 
at  the  time  operations  commenced.  Figures  upon  which  the  report  of  produc- 
tiori  for  the  two  years  is  based  were  secured  by  a  system  of  correspondence 
and  personal  visits  to  the  points  of  production  by  agents  of  the  Forest  Service. 


RUN-OF-MINE  AND  BRIQUETTED  COAL  ON  LOCOMOTIVES. 

EXPERIMENTS     MADE    BY    THE    UNITED    STATES    GEOLOGICAL    SURVEY. 

For  the  purpose  of  procuring  data  that  could  be  used  in  estimating  the 
value  of  the  briquetting  process  as  applied  to  American  fuels,  the  United 
States  Geological  Survey,  in  co-operation  with  other  interests,  began  in  1904, 
at  the  Louisiana  Purchase  Exposition,  certain  experiments  involving  the 
production  and  use  of  bituminous-coal  briquets.  Machines  were  installed  at 
St.  Louis,  and  later  at  Norfolk,  for  the  manufacture  of  such  briquets,  and 
the  output  of  these  machines  has  been  tested  in  locomotive  service  on  several 
railroads  in  comparison  with  natural  fuels.  An  elaborate  and  carefully 
executed  series  of  tests  involving  the  use  of  natural  coals  and  of  briquets 
made  from  the  same  coal,  previously  crushed,  has  been  carried  out  on  a 
locomotive  mounted  at  the  testing  plant  of  the  Pennsylvania  Railroad 
Company  at  Altoona,  Pa. ;  less  extensive  tests  were  made  on  several  other 
railroads ;  and  some  preliminary  experiments  involving  the  use  of  briquets 
in  marine  service  have  been  made  in  connection  with  one  of  the  Government's 
torpedo  boats. 

A  description  of  these  tests,  prepared  by  W.  F.  M.  Goss,  has  been 
published  by  the  Survey  in  Bulletin  363. 

RESULTS   OF   THE   EXPERIMENTS. 

The  results  obtained  in  these  tests  are  said  to  sustain  the  following 
general  conclusions : 

1.  The  briquets  made  on  the  Government's  machines  have  well  withstood 
exposure  to  the  weather  and  have  suffered  but  little  deterioration  from 
handling.  -,^  ,^_i  - 

2.  In  all  classes  of  service  involved  by  ttie  experiments  the  use  of 
briquets  in  place  of  natural  coal  appears  to  have  increased  the  evaporative 
efficiency  of  the  boilers  tested. 

3.  The  smoke  produced  has  in  no  test  been  more  dense  with  the  briquets 
than  with  coal ;  on  the  contrary,  in  most  tests  the  smoke  density  is  said  to 
have  been  less  when  briquets  were  used. 

4.  The  use  of  briquets  increases  the  facility  with  which  an  even  fire 
over  the  whole  area  of  the  grate  may  be  maintained. 

5.  In  locomotive  service  the  substitution  of  briquets  for  coal  has  resulted 
in  a  marked  increase  in  efficiency,  in  an  increase  in  boiler  capacity,  and  in 
a  decrease  in  the  production  of  smoke.  It  has  been  specially  noted  that 
careful  firing  of  briquets  at  terminals  is  effective  in  diminishing  the  amount 
of  smoke  produced. 

6.  In  torpedo-boat  service  the  substitution  of  briquets  for  coal  improves 
the  evaporative  efficiency  of  the  boiler.  It  does  not  appear  to  have  affected, 
favorably  or  otherwise,  the  amount  of  smoke  produced.  The  briquets  used 
in  this  series  of  tests  were  of  a  form  requiring  considerable  bunker  capacity 
for  their  storage,  but  as  the  form  of  the  briquet  is  a  detail  entirely  within 
control,  this  objection  need  not  apply  to  the  use  of  briquets  in  actual  service. 

Mr.  Goss's  report  contains  also  a  brief  account  of  the  briquet  industry 
in  Germany,  Belgium,  and  France. 
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[Report  of  the  Franklin  Institute,  through  its  Committee  on  Science 
and  the  Arts,  on  the  Milling  Files  invented  by  Alexis  Vernaz  of  Yverdon, 
Switzerland.  Sub-committee  :  William  H.  Thorne,  chairman  ;  Lucien  E.  Pic- 
olet,  George  S.  Cullen.     No.  2445.] 

This  file  is  the  result  of  an  effort  on  the  part  of  Alexis 
Vernaz  of  Yverdon,  Switzerland,  to  save  from  the  scrap-heap 
a  large  lot  of  accidentally  hard  castings.     It  was  so  successful 

Pl.\te   I. 


that  it  has  been  patented  in  England,  France,  Belgium,  Germany, 
Austria,  Switzerland,  Italy,  Canada,  and  the  United  States.  The 
latter  patent  is  No.  807,143,  dated  December  12,  1905.  One  of 
the  claims  of  this  patent  is :  "A  file  provided  with  teeth  cut  in 
the  form  of  arcs  having  their  bases  (chords)  located  rearwardly 
with  respect  to  the  cutting  edge  of  the  teeth." 
The  Vernaz  file  is  illustrated  by  Plate  i. 
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In  looking  up  the  past  history  and  evolution  of  the  ordinary 
file  we  have  found  nothing  which  is  not  covered  by  the  dic- 
tionar}^  definition :  "  A  steel  instrument  having  raised  cutting 
edges  made  by  the  indentations  of  a  chisel."  One  patent,  how- 
ever, No.  44,724,  dated  October  18,  1864,  granted  to  H.  A. 
Harvey,  contains  a  claim  which  in  itself  was  rather  startling: 
"  Making  the  teeth  of  files  in  segments  of  circles  extending  across 
the  face,  substantially  as  and  for  the  purpose  specified."  The 
records  of  this  patent  were  destroyed  in  the  fire  at  the  Patent 
Office,  so  that  all  we  have  is  the  summary  in  the  Official  Gazette, 
the  drawing  in  which  shows  that  it  has  no  bearing  on  the  case 
(see  Plate  2). 

di>=?dwiL>v«   Tooth     F'ile.. 
US  F'A-rt'vi-r   i-jo.  44724 -'Sth.  Oct.  1S&4.    to    H.AHAR^tv. 


McKKing    tine     Tefetii     of  files    in    segme>-its 
cf  oircles    exTencJing    across   line  face 
Substantially     as    aryd    for  the     purpose 
specific  d. 

The  essential  features  of  the  Vernaz  file  are  the  shape  and 
depth  of  the  teeth,  which  are  in  section  like  those  of  a  milling 
cutter.  They  have  an  included  angle  of  60^  and  a  front  rake  of 
\y2° .  The  number  of  teeth  per  inch  varies  from  6^/3  to  16 
according  to  the  purpose  for  which  the  file  is  intended.  The 
teeth  are  cut  one  at  a  time  by  an  end  mill,  or  hollow  cylinder 
of  2^  to  3  inches  diameter,  with  a  conical  end  of  60°,  the  axis 
of  this  cylinder  being  inclined  i^°  to  the  plane  of  the  file  and 
intersecting  its  centre  line.  Automatic  machines  rotate  the 
cutters,  feed  them  into  the  file  blanks  the  proper  depth,  withdraw 
them,  move  the  file  one  pitch,  feed  the  cutter  in  again  and  so  on. 

The  first  impression  was  that  the  inclination  of  the  axis  of 
the  cutter  would  produce  a  cutting  edge  on  the  file  which  would 
not  be  flat,  but  concave.     This  is.  of  course,  true  of  the  bottom  of 
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the  cut,  but  the  top  or  edge  being  produced  by  the  intersection 
■of  the  conical  face  of  the  cutter  with  the  cyHndrical  surface  made 
by  the  preceding  cut,  was  so  doubtful  that  we  have  drawn  it  in 
true  proportion  three  times  natural  size  in  order  to  accurately 
■determine  this  point. 

This  is  shown  in  Plate  3,  in  which  the  lines  C  and  D  are 
corresponding  elements  of  the  cylindrical  and  conical  surfaces  of 
the  tooth  at  the  edge  of  the  file  and  determine  the  corner  A  oi 
the  tooth.     These  are  shown  in  greatly  enlarged  scale  in  Fig.  2. 


fi/a/f-J 


The  point  A,  at  this  magnification,  falls  distinctly  below  the 
surface  of  the  blank.  By  computation  it  is  really  .002286  inch 
below^  this  surface,  which  is  probably  a  benefit. 

Plate  4  is  drawn  with  a  very  different  ratio  of  cutter  diameter 
to  pitch  in  order  to  exaggerate  the  conditions  and  to  more 
clearly  show  the  geometrical  relationship  between  the  shape  of 
the  teeth  and  the  cutter.  In  this  cd  is  an  element  of  the 
cylindrical  front  of  the  tooth  at  its  centre,  and  ca  an  element  of 
the  conical  top ;  iia  ii'a'  show  the  elliptical  bottom ;  nui  a  portion 
of  the  hyperbola  formed  by  the  intersection  of  the  conical  surface 
with  the  plane  of  the  side  of  the  file;  cm,  c'm'  show  a  portion  of 
the  line  of  intersection  of  the  conical  surface  with  the  cvlindrical 
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surface  of  the  previous  cut,  and  indicate  how  the  point  m, 
which  is  the  corner  of  the  tooth,  drops  below  the  top  plane  of  the 
blank. 

In  practical  tests  we  find  that  the  circular  shape  of  the  cutting 
edges  act  normally  to  the  cut  whether  the  file  is  pushed  straight 
or  at  an  angle,  and  also  that  the  relatively  large  pitch  and  depth 
of  teeth  prevent  clogging  and  the  necessity  of  cleaning,  and 
produce  a  surprisingly  smooth  surface.     The  surface  produced 


on  steel  is  sn-oother  than  that  from  an  ordinary  second-cut  file, 
due  to  the  fat',  that  the  latter  quickly  retains  small  chips  of  the 
steel  in  its  teeth  which  scratch  the  surface. 

On  all  fibrous  and  tenacious  materials  like  wrought-iron, 
steel,  brass,  aluminum,  and  the  alloys,  the  improvement  over 
ordinary  files  was  very  marked,  the  cut  being  clean  with  no 
clogging  and  scratching.  That  the  action  is  cutting  and  not 
abrading  or  scratching  is  shown  by  the  chips,  which  under  a 
magnifying  glass  are  seen  curled  up  and  look  as  if  made  by  a 
lathe  or  planing  machine. 
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The  verbal  reports  of  machinists  after  trying  these  files,  were 
found  to  be  very  unreliable  by  reason  of  their  prejudices  and 
indifference,  but  where  any  one  of  them  had  a  real  job  of  filing 
where  metal  was  to  be  removed  in  good  earnest  he  invariably 
became  enthusiastic  in  his  praise  and  was  loath  to  part  with  the 
experimental  samples. 

Fortunately  at  this  time  a  File  Testing  Machine  built  by 
Edward  G.  Herbert,  Limited,  of  Manchester,  England,  was  at 
the  works  of  William  Sellers  &  Co.,  Incorporated,  of  Philadel- 
phia. They  had  just  completed  tests  of  29  files  of  eleven  dif- 
ferent makes,  the  result  of  which  they  very  kindly  placed  at  the 
disposal  of  the  committee,  and  also  made  a  test  of  one  Vernaz 
file  which  was  submitted  \Aith  the  application.  These  tests  were 
all  made  on  standard  cast-iron  test  bars  of  one  inch  square 
section.  Since  then,  Tinius  Olsen  &  Co.  have  taken  the  agency 
for  the  Herbert  machine,  and  have  tested  for  the  Committee  three 
A'^ernaz  files  on  cast  iron  to  compare  with  the  Sellers  tests,  and 
three  Vernaz  and  three  regular  commercial  files  on  steel.  The 
Vernaz  and  commercial  files  were  bought  in  the  open  market  to 
prevent  any  special  preparation,  and  for  the  latter  the  best  make 
known  was  selected.  Thus  there  are  records  of  32  tests  on  cast- 
iron  and  six  on  steel. 

The  cast-iron  test  bars  have  the  following  composition : 

Combined   carbon    0.051        Sulphur     0.075 

Graphite     2.988       Titanium    0.035 

Silicon    1.915       Iron   92.400 

Manganese     1.204  (Annealed  for  uniformity.) 

Phosphorus      1-332 

The  steel  test  bars  have  the  following  composition :  carbon 
0.64,  manganese  0.80,  silicon  0.41. 

The  selection  of  the  high  carbon  steel  for  the  latter  is  due  to 
the  experience  of  Herbert  &  Co.,  who  found  that  low  carbon 
machinery  steel  clogged  up  the  commercial  files  so  ver}'  soon 
that  any  test  was  impracticable. 

In  the  Herbert  machine,  the  file  is  held  firmly  and  solidly 
backed  up  in  a  sliding  frame  having  a  reciprocating  motion  of 
six  inches.  The  end  of  the  test  bar,  one  inch  square,  is  pressed 
against  the  file  during  its  forward  stroke  and  withdrawn  on  the 
return.  The  pressure  is  positive  and  can  be  altered  to  suit.  In 
these  tests  it  was  20  pounds  on  the  cast-iron  and  30  on  the  steel. 
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A  chart  is  placed  upon  a  drum  which  is  so  geared  to  the 
motions  that  its  axial  movement  records  the  number  of  strokes 
and  its  circular  movement  the  amount  of  metal  removed.  A 
lixed  pencil,  pressed  against  the  chart,  draws  a  curve,  the 
abscissae  of  which  give  the  strokes,  and  the  ordinates  the  length 
of  the  bar  filed  away.  It  is  unfortunate  that  there  was  no  means 
of  also  obtaining  a  record  of  the  energy  required  for  the  removal 
of  a  given  amount  of  metal. 

These  charts,  in  which  the  personal  element  is  entirely 
eliminated,  show  astonishing  results.      It  being  understood  that 
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each  test  was  continued  until  the  file  slid  over  the  end  of  the 
test-bar  without  removing  any  metal,  28  out  of  the  29  commercial 
files  on  cast-iron  ranged  in  the  cubic  inches  of  metal  removed 
from  0.7  to  20.6,  while  one  lone  hero  removed  /T,.  The  average 
cubic  inches  per  ten  thousand  strokes  varied  from  1.4  to  6.34, 
but  these  figures  did  not  correspond  with  the  others,  showing 
some  to  have  better  cutting  qualities  and  others  better  endurance. 
Another  curious  feature  was  that  very  rarely  indeed  did  the  two 
sides  of  the  file  show  anything  like  equality,  the  worst  case  being 
20.6  cubic  inches  removed  by  one  side  and  0.4  by  the  other,  the 
best  case  beinsr  11 -8  hv  one  side  and  to  bv  the  other. 


Vernaz  Milling  Files. 


221 


Of  the  4  flat  Vernaz  files  on  cast-iron,  the  worst  filed  a  total 
of  48.2  cubic  inches,  using  both  sides,  and  the  best  143.75  cubic 
inches,  and  the  variation  between  the  sides  was  very  slight,  the 
worst  case  of  variation  being-  49.1  for  one  side  and  34.9  for 
the  other. 

On  high  carbon  steel,  the  Vernaz  files  did  not  show  such 
marked  sui>eriority,  due  probably  to  the  fact  that  the  best  com- 
mercial files  were  selected  to  compete  with  them.  The  minimum 
and  maximum  figures  for  the  commercial  files  were  3.6  and  6.4 
cubic  inches,  and  for  the  \^ernaz  files  9  and  25.8  cubic  inches. 

T.T=.I     .iwb.O   inciie-.   f.1.^^     <bolK    Side*,) 


In  this  case,  however,  two  out  of  the  three  Vernaz  showed  a 
marked  difl-'erence  in  the  two  sides.  Evidently  the  art  of  making- 
files,  after  centuries  of  evolution,  is  still  far  from  being  an  exact 
science. 

The  diagrams  will  graphically  show  these  results.  Plate  12 
shows  the  results  of  the  tests  on  cast-iron,  and  on  account  of  the 
number  of  tests  is  arranged  with  vertical  lines,  the  height  of  the 
line  showing  the  total  cubic  inches  removed  by  both  sides  of  the 
file,  and  the  cross-mark  indicating  the  difference  between  the 
two  sides. 
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Plate  13  shows  the  results  on  high  carbon  steel  and  is  a  fac- 
simile of  the  lines  drawn  by  the  machine  on  the  original  charts, 
supplemented  by  horizontal  straight  lines  showing  the  total  cubic 
inches  removed  by  each  file. 

In  conclusion,  the  Committee  considers  that  Alexis  Vernaz 
has  made  the  first  radical,  leading  improvement  in  files  for  gen- 
erations, and  has  done  a  service  to  the  world,  not  only  in 
presenting  a  new  and  efificient  cutting  tool  for  metals,  to  be 
operated  by  hand,  but  also  in  the  impetus  which  the  introduction 
of  this  tool  will  give  to  the  improvement  in  cutting  capacity  and 
endurance  of  the  regular  type  of  files,  and  recommends  the 
award,  to  him,  of  the  Elliott  Cresson  Medal. 

Attest:     James  Christie, 

Secretary. 

Philadelphia,  April  17,  1909. 


GOVERNMENT  STUDIES  METHODS   OF  SEASONING 
EUCALYPTUS  POLES. 

The  government  has  undertaken  a  study  to  determine  the  proper  method 
of  seasoning  eucalyptus  poles,  particularly  those  cut  from  trees  which, 
owing  to  a  large  number  or  knots,  will  not  make  clear  lumber.  Such  poles 
have  shown  a  tendency  to  check  and  warp  after  being  cut,  probably  due  to 
improper  methods  of  seasoning,  which  has  been  a  great  obstacle  to  their 
more  extensive  utilization. 

Experiments  will  be  carried  on  by  the  United  States  Forest  Service  to 
determine  the  method  of  seasoning  which  will  prevent  this  checking  and 
warping.  One  series  will  be  conducted  on  the  Sutro  Estate  which  is  in 
the  fog  belt,  and  another  on  the  Pacific  Land  Investment  Company's  holdings 
at  Newark,  which  is  out  of  the  fog  belt. 

Forty-eight  growing  trees,  13  inches  in  diameter  and  having  a  clear 
length  of  34  feet,  will  be  selected  and  marked  by  an  officer  of  the  Forest 
Service.  These  two  groups  will  be  handled  in  the  same  way,  12  trees  of 
each  group  are  to  be  girdled  and  allowed  to  die  and  season  standing,  with 
the  bark  on,  and  the  other  12  will  be  felled  and  laid  on  skids  in  the  open 
and  seasoned  in  this  manner.  Six  of  the  12  felled  trees  of  each  group 
will  be  peeled,  and  the  other  six  will  be  left  with  the  bark  on. 

The  skids  will  be  so  constructed  that  the  poles  will  be  at  least  one  foot 
from  the  ground  to  allow  a  free  circulation  of  air.  The  poles  will  be  left 
on  the  skids  for  from  6  to  8  months,  and  observations  taken  as  to  checking, 
warping,  shrinkage,  and  loss  of  weight.  The  same  observations  will  be 
obtained  from  the  standing  poles,  with  the  exception  of  the  weight. 

When  a  sufficient  period  of  seasoning  has  elapsed,  determined  by  the 
weight  of  the  skidded  poles,  the  standing  poles  will  be  cut  and  their  weights 
found.  The  condition  of  these  poles  will  then  be  compared  with  the  con- 
dition of  the  skidded  poles,  and  a  proper  method  of  seasoning  outlined  which 
will  be  available  to  all  interested  in  the  use  of  eucalyptus  timber. 
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"  EARTHQUAKES  IN  THE  LIGHT  OF  THE 
NEW  SEISMOLOGY." 

Secretary  of  the  Franklin  Institute: 

Replying  to  the  article  by  Prof.  Oscar  C.  S.  Carter  on  "Earthquakes 
in  the  Light  of  the  New  Seismology,"  I  wish  to  say  that  there  are  some 
points  in  the  argument  which  appear  to  me  to  invite  discussion.  Before 
proceeding  to  analyze  the  statements  with  which  I  disagree,  I  wish  to  call 
attention  to  a  quotation  in  Professor  Carter's  article  to  the  effect  that  "  An 
open-minded  hospitality  for  new  facts  is  essential  to  intellectual  advance." 

Passing  over  the  first  three  theories  regarding  the  condition  of  the 
interior  of  the  earth,  we  come  to  the  fourth,  which  Professor  Carter  says 
is  probably  the  correct  one,  "  and  is,  that  the  earth  is  solid  on  account  of 
the  enormous  pressure  of  the  rocks."  "  It  is  hot  enough  to  melt  rocks,  but 
on  account  of  the  enormous  pressure  the  material  is  pressed  solid."  There 
is  no  mention  of  the  probability  that  a  large  portion  of  the  earth  ever  was 
or  m?y  still  be  above  its  critical  temperature. 

I  will  introduce  a  definition  of  "  critical  temperature "  taken  from  a 
standard  work  on  Elementary  Physics  edited  by  Aldous,  page  326.  "  For  each 
gas  there  is  a  temperature  called  the  "  critical  temperature,"  and  when  the 
temperature  is  above  this  point  it  is  not  possible  to  liquify  it  by  any  pressure, 
however  great." 

This  important  principle  was  discovered  by  Dr.  Andrews.  Substantially 
the  same  definition  is  to  be  found  in  all  works  on  physics  and  therefore  may 
be  considered  as  true  enough  to  form  the  basis  of  a  theory.  If  there  is  a 
critical  temperature  above  which  gases  cannot  be  liquified  by  pressure,  then 
it  must  follow  that  any  substance  above  its  critical  temperature  is  a  gas,  even 
if  its  density  be  twice  or  many  times  as  great  as  the  density  of  its  solid  or 
liquid  forms.  Modern  science  teaches  that  the  atom  is  not  the  indivisible  or 
incompressible  ultimate  that  it  has  been  supposed  to  be,  and  therefore  a  gas 
can  have  a  density  greater  than  its  solid  form. 

If  we  can  prove  that  any  portion  of  the  interior  of  the  earth  is  above 
the  critical  temperature  of  the  matter  composing  it,  we  will  have  proved 
that  it  is  in  a  gaseous  condition.  We  know  that  the  elements  can  be 
rendered  gaseous  at  the  temperature  of  the  electric  arc,  and  we  find  that 
the  temperature  of  the  electric  arc  has  been  determined  at  from  3500  C.  to 
4000  C.  Now  if  all  these  elements  can  be  rendered  gaseous  in  the  electric 
arc,  it  is  strong  presumptive  evidence  that  the  critical  temperature  of  all 
known  matter  is  near  4000  C. 

The  next  question  arises  is  whether  that  temperature  is  reached  in  the 
interior  of  the  earth,  and  if  it  is,  at  what  depth? 

Taking  what  Professor  Carter  says  on  the  rate  of  increase  of  tempera- 
ture with  depth  as  representing  the  known  facts  in  the  case,  and  reducing 
the  Fahrenheit  to  Centigrade  degrees,  and  allowing  for  a  gradual  reduction 
in  the  rate  of  increase,  I  find  that  at  a  depth  of  200  miles  or  less  the  critical 
temperature  of  all  known  matter  is  passed,  and  from  that  point  on  the 
interior  of  the  earth  must  be  in  a  gaseous  condition  or  all  our  information 
about  critical  temperature  is  wrong. 

Then  the  question  is,  how  is  it  possible  that  a  gaseous  interior  can  be 
rigid  ? 
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Rigidity  is  a  property  of  solids,  acquired  by  a  reduction  of  the  amplitude 
of  vibration  of  its  molecules  with  relation  to  each  other.  To  test  this 
definition  it  is  only  necessary  to  heat  a  piece  of  iron  in  order  to  see  how 
rapidly  the  rigidity  decreases  as  the  temperature  rises,  until  when  the 
amplitude  of  vibration  of  its  molecules  becomes  too  great  to  be  resisted  by 
coherence,  the  iron  melts  and  becomes  a  liquid.  Therefore,  if  there  is  a 
gaseous  interior  to  the  earth  in  which  the  pressure  has  increased  the  density 
bcj'ond  that  of  the  solid  condition  of  matter,  the  amplitude  of  vibration  of 
its  molecules  with  relation  to  each  other  must  be  less  than  when  in  the 
solid  condition,  and  according  to  the  above  definition  of  rigidity  it  should 
be  more  rigid  than  a  solid  interior  of  the  same  composition.  The  critical 
temperature  which  exists  at  200  miles  below  the  surface  evidently  existed 
throughout  the  entire  planet  at  an  early  state  in  its  development  from  a 
nebula,  and  at  that  time  the  whole  planet  was  gaseous,  even  as  the  sun  is  now. 

Under  such  conditions,  according  to  the  known  laws  of  diflfusion  of 
gases,  each  gas  of  which  the  planet  was  composed  would  diffuse  throughout 
the  entire  planet  from  centre  to  circumference.  The  law  referred  to  says, 
that  in  a  mixed  body  of  gases  each  gas  diffuses  throughout  the  entire  space 
occupied  regardless  of  density. 

The  gaseous  interior  which  we  havt  good  reason  for  assuming  to  exist 
beyond  a  depth  of  200  miles  is  but  a  remnant  of  a  gaseous  planet  and  must 
have  within  it  some  of  each  of  the  gases  which  diffused  throughout  the  planet 
when  in  a  gaseous  condition.  Have  we  any  evidence  that  this  is  the  case? 
It  so  happens  that  we  have  abundant  evidence,  but  it  has  heretofore  been 
misapplied  and  misunderstood. 

The  gases  given  off  during  earthquakes  and  volcanic  explosions  have 
been  observed,  and  in  the  following  selected  cases  from  "  Earthquakes  and 
Volcanoes,"  by  Mungo  Ponton,  F.R.S.E..  will  show  that  they  play  an  impor- 
tant part  in  both  phenomena. 

"  At  Palermo  in  1726,  during  a  violent  earthquake  which  shook  down 
1600  houses,  the  earth  opened  in  one  of  the  streets  of  the  city  and  threw 
out  burning  sulphur  with  red-hot  stones  while  the  atmosphere  appeared  as 
if  on  fire.  The  flames  issuing  from  the  earth  kindled  the  wood-work  of 
the  houses  in  the  street  and  they  were  all  consumed." 

In  the  month  of  October,  1755,  several  strange  meteorological  phenomena 
occurred  in  the  Spanish  peninsula,  such  as  frequent  "  halos  around  the  sun 
and  moon,  numerous  luminous  meteors,  and  terrific  thunderstorms  with  much 
rain.  The  waters  both  of  wells  and  rivers  became  turbid  and  fetid ;  rats 
and  reptiles  came  forth  as  if  frightened,  and  domestic  animals  showed  much 
uneasiness.  On  the  first  of  the  following  month  of  November  occurred  the 
great  earthquake  of  Lisbon." 

An  explanation  of  all  of  these  strange  phenomena  except  the  luminous 
meteors  is  to  be  found  in  the  effect  of  escaping  gas,  such  as  sulphuretted 
hydrogen  and  sulphurous  acid  and  carbonic  acid,  from  the  interior,  as  a 
premonitory  symptom  of  the  coming  shock  which,  as  I  shall  show,  is 
due  to  the  sudden  intrusion  of  a  dike  into  a  fault  plane  by  the  extrusive 
force  of  magmatic  steam.  The  steam  would  naturally  be  condensed  to 
water,  and,  added  to  the  ground  waters  would,  with  its  associated  gases, 
render  them  turbid  and  fetid. 

Under  such  circumstances  the  cause  of  alarm  of  animals  living  in  bur- 
rows or  holes  is  easily  explained.  The  gases  immediately  reach  their  smell- 
ing organs  and  alarm  them.  The  same  is  true  of  dogs  and  domestic  animals 
that  keep  their  noses  on  or  near  the  ground,  while  man  who  walks  on  his 
hind  legs,  does  not  think  of  the  gases  as  coming  from  the  ground  and  is 
not  so  quickly  warned  as  the  lower  animals.  Where  a  large  amount  of 
such  gases  ascends  through  porous  soil  it  might  produce  an  effect  on  the 
atmosphere  which  would  be  apparent  without  causing  any  visible  vent  or 
opening  in  the  earth. 

"  On  the  tenth  of  July,  1756,  there  were  two  sharp  shocks  at  Lisbon, 
during  which  there  rose  froin  the  ground  a  cloud  of  smoke  that  obscured 
the  sun,  and  filled  the  air  with  a  sulphurous  smell." 
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"  On  the  second  of  April,  1762,  the  coast  of  Chittangong  in  the  north- 
east of  the  Bay  of  Bengal,  was  violently  shaken.  Many  large  openings  were 
found  in  the  ground  from  whence  water  and  mud,  smelling  strongly  of 
sulphur  (H2S)  were  ejected.  A  large  river  was  dried  up  at  a  place  called 
Bardavan,  while  at  Bar  Cliarra,  near  the  sea,  a  tract  of  land  sank  down 
and  was  submerged,  drowning  200  people  and  their  cattle.  Sixty  square 
miles  of  coast  permanently  subsided,  one  mountain  sank  down  until  only 
its  summit  remained  visible,  while  another  disappeared  altogether. 

"  Several  other  hills  were  rent  asunder,  and  chasms  from  30  to  60  feet 
wide  were  found.  The  towns  upon  the  tract  which  subsided  were  over- 
flowed and  one  was  submerged  upwards  of  10  feet.  This  great  subsidence 
was  accompanied  by  a  corresponding  elevation  of  the  ground  in  the  island  of 
Romree  and  Chuduba,  lying  to  the  southward." 

The  foregoing  account  is  interesting  as  an  example  of  how  cracks  open 
in   nearly  all  earthquakes. 

Now  obviously  cracks  do  not  open  without  a  competent  cause,  and  I 
shall  refer  to  this  later  as  showing  that  they  open  because  of  an  expansive 
force  from  the  interior. 

"  Hungary  was  the  scene  of  a  succession  of  shocks  in  1763,  when  many 
houses  were  overthrown  in  Comorn.  There  were  formed  in  the  earth  large 
openings  from  which  sulphurous  vapors  arose.  Jets  of  water  the  thickness 
of  a  man's  arm  ascended  from  the  Danube  to  a  height  of  30  feet,  the  water 
bemg  mixed  with  sand  and  having  a  sulphurous  smell." 

"The  coast  of  Caracas  in  South  America  and  the  adjacent  island  of 
Trinidad  were  violently  convulsed  in  1766,  and  the  whole  city  of  Cumana  was 
reduced  to  ruins.  The  shocks  were  continued  for  upwards  of  a  year,  and 
were  at  first  repeated  almost  hourly.  There  were  frequent  eruptions  of 
sulphurous  water  from  fissures  in  the  ground,  and  an  island  in  the  Orinoco 
disappeared.  Four  years  after,  the  western  coast  of  St.  Domingo  was 
similarly  agitated  and  its  chief  city.  Port  au  Prince,  nearly  destroyed.  There 
were  found  in  the  earth  great  clefts  whence  arose  poisonous  vapors  that 
caused  an  epidemic  :  hot  springs  also  arose  in  several  places,  but  they  proved 
temporary." 

In  the  above  we  have  again  the  cracks  opening,  gases  escaping  and  hot 
springs  resulting  from  the  condensed  steam  which  later  disappear. 

"  The  district  of  Guatamala  in  Central  America  was  visited  by  successive 
shocks  in  1773— 1775.  The  city  of  lago  with  all  its  inhabitants  was  engulfed 
in  huge  chasms  which  opened  in  the  earth.  The  earthquakes  were  connected 
with  volcanic  eruptions  in  the  neighborhood.  A  catastrophe  similar  to  that 
of  St.  lago  occurred  in  1780  in  the  island  of  Candia  where,  during  a  violent 
earthquake,  the  castle  of  Eropetre  with  its  garrison  of  300  Turkish  soldiers 
and  also  thirteen  small  villages  in  the  neighborhood,  with  their  inhabitants, 
were  swallowed  up  in  chasms." 

"Toward  the  end  of  1797  the  coast  of  Caracas  was  again  convulsed  and 
those  portions  of  Cumana  which  had  been  rebuilt  during  the  last  thirty 
years  were  once  more  laid  in  ruins.  On  the  shores  of  the  bay  of  Caricao, 
immediately  before  the  shocks,  flames  issued  from  the  earth,  followed  by  a 
noise  like  the  bubbling  of  gas  in  water." 

"  During  the  summer  of  the  following  year,  Tuscany  was  visited  by  a 
succession  of  shocks  and  the  town  of  Siena  was  reduced  to  a  heap  of  rub- 
bish,  deep   chasms   having  been   found   in  the  principal   square." 

"In  1806  two  severe  shocks  of  earthquake  occurred  at  Krasnojarsk  in 
Siberia,  during  which  a  mountain  in  the  neighborhood  of  that  place  was 
engulfed  and  a  lake  300  feet  in  circumference  and  180  feet  deep  in  parts 
formed  in  its  place.  The  water  of  the  lake  was  sulphurous.  As  the  country 
around  was  covered  with  ashes,  it  is  probable  that  this  event  was  connected 
with  a  volcanic  eruption." 

"  A  few  weeks  afterwards  a  similar  lake  of  sulphurous  water  was  formed 
near  the  mountain  of  Fajola,  in  the  neighborhood  of  Rome  where  several 
severe  shocks  were  felt  at  the  time." 
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"  St.  Michaels  in  the  Azores  was  visited  by  two  severe  earthquakes  in  181 1 
and  on  both  occasions  they  were  accompanied  by  eruptions  of  a  submarine 
volcano  which  threw  dust,  ashes  and  fragments  of  lava  into  the  air.  The 
points  of  eruption  on  the  two  occasions,  were  about  two  and  a  half  miles 
apart;  but  neither  of  the  craters  ever  appeared  above  water.  These  erup- 
tions were  attended  by  loud  explosions." 

"  In  December  of  that  year  commenced  a  long  series  of  disturbances  in 
the  valley  of  the  Mississippi,  in  Ohio  and  in  Arkansas.  These  shocks  con- 
tinued at  intervals  till  1813  and  were  more  distinguished  by  their  frequency 
than_  their  violence,  which  was,  nevertheless,  on  several  occasions  very 
considerable.  These  long-continued  earthquakes  are  the  more  remarkable 
from  the  circumstance  that  the  countries  affected  by  them  are  situated  far 
from  any  volcano.  The  surface  of  the  Mississippi  valley  was  much  altered 
by  these  convulsions,  several  new  lakes  forming  while  others  were  drained. 
New  islands  raised  in  the  river  and  during  one  of  the  shocks  the  ground 
to  the  south  of  New  Madrid  was  for  a  short  time  so  uplifted  as  to  stop  the 
current  of  the  Mississippi  and  cause  it  to  flow  backwards.  The  ground 
on  which  this  town  is  built  and  the  bank  of  the  river  for  fifteen  miles  above 
it  subsided  permanently  about  eight  feet  and  the  cemetery  of  the  town  fell 
into  the  river.  In  the  neighboring  forest  the  trees  were  thrown  into  inclined 
positions  and  many  of  their  trunks  and  branches  were  broken.  It  is  affirmed 
that  in  some  places  the  ground  swelled  into  great  waves  which  burst  at  their 
summits  and  poured  forth  jets  of  water  with  sand  and  pieces  of  coal  which 
were  tossed  to  the  height  of  the  trees.  On  the  subsidence  of  these  waves 
several  hundreds  of  hollow  depressions  were  left  from  ten  to  thirty  yards  in 
diameter  and  twenty  feet  in  depth  which  remained  visible  many  years.  Some 
of  the  shocks  were  vertical,  others  horizontal,  the  latter  beins:  the  most 
destructive.  These  earthquakes  resulted  in  the  general  subsidence  of  a 
tract  of  country  between  seventy  and  eighty  miles  in  length  from  north  to 
south  and  about  thirty  miles  in  breadth  from  east  to  west." 

I  shall  show  how  such  quakes  can  be  accounted  for,  and  further  that 
they  have  no  direct  relation  to  any  volcano  except  that  they  have  the  same 
ultimate  cause,  i.e.,  the  gradual  separation  of  the  steam  and  other  gases  from 
the  gaseous  interior  by  secular  cooling.  The  swelling  of  the  ground  into 
waves  and  the  bursting  of  these  waves  at  their  summits,  with  the  ejection  of 
water  and  sand,  as  described,  is  due  to  the  presence  of  gases  which  do  not 
condense  as  did  the  steam.  The  escape  of  the  gases  was  followed  by  sub- 
sidence and  the  formation  of  hundreds  of  hollow  depressions. 

"  On  the  nineteenth  of  February,  1845,  an  earthquake  occurred  in  New 
Granada,  S.  A.,  attended  by  peculiar  circimistances.  The  shock  was  felt 
chiefly  in  the  plain  traversed  by  the  Lagunilla,  a  small  tributary  of  the  river 
Magdalena,  and  was  accompanied  by  much  noise.  Immediately  after  the 
shock  a  great  flood  of  liquid  mud  was  seen  to  issue  from  the  ravine  in  which 
the  stream  rises.  The  mud  flowed  rapidly  over  the  whole  plain,  carrying 
everything  before  it.  Tall  trees  were  swept  down  as  if  they  had  been  straws, 
while  houses  and  cottages  with  their  inhabitants  were  overwhelmed.  Only  a 
few  of  them  escaped  to  the  mountains,  unfortunately  to  meet  a  worse  death 
by  perishing  with  hunger,  their  place  of  refuge  being  unapproachable  through 
the  sea  of  mud.  A  small  number  who  were  near  the  edge  of  the  torrent 
escaped  over  branches  of  trees.  Forty  square  miles  of  land  was  covered 
by  this  muddy  inundation." 

"  The  north  of  Italy  was  much  convulsed  in  March,  1846.  The  shocks 
were  felt  at  Genoa  and  Leghorn  where  many  houses  were  injured  and  some 
overthrown.  Several  villages  throughout  Tuscany  were  nearly  destroyed  and 
at  Volterra  a  government  prison  fell,  burying  some  of  the  prisoners  in  the 
ruins.  There  was  considerable  loss  of  life  throughout  Tuscany,  and  Pisa 
was  severely  shaken.  The  leaning  tower  is  said  to  have  rocked  in  a  wonder- 
ful manner  but  was  not  injured.  The  vaulted  roof,  however,  of  an  old 
church  fell.  The  chief  peculiarity  in  this  earthquake  was  that,  in  several 
places   jets   of  muddy  boiling  water   sprang   from   the  earth." 
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"  On  October  ninth,  1857,  in  Illinois,  there  was  a  smart  shock  preceded  by 
a  remarkable  electrical  condition  of  the  atmosphere,  during  which  a  luminous 
appearance  was  observed,  described  by  some  as  a  meteor  and  by  others  as  a 
vivid  flash  of  lightning." 

This  feature  of  the  earthquake  phenomena  is  noted  in  many  cases  and 
of  course  might  simply  be  a  coincidence,  but  is  much  more  likely  to  be  the 
effect  of  gases  escaping  into  the  air. 

Many  more  accounts  of  interesting  phenomena  connected  with  earth- 
quakes are  contained  in  Mungo  Ponton's  book,  and  enough  has  been  quoted 
to  give  the  salient  features  and  to  show  that  the  opening  of  fissures,  the 
discharge  of  mud  and  sand  from  small  craters,  the  discharge  of  sulphurous 
and  other  gases  as  well  as  the  appearance  and  disappearance  of  hot  springs 
accompany  the  more  vigorous  quakes.  We  now  come  to  consider  how  these 
phenomena  can  be  accounted  for  by  the  theory  of  a  gaseous  interior,  or  at 
least  a  zone  in  which  matter  is  above  its  critical  temperature. 

Below  the  zone  of  solid  flowage  the  zone  of  critical  temperature  extends 
to   the  centre   of  the   earth.      The   temperature   in  this   zone   determines   the 
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A  zone  in  which  solids  flow  under  temperature  and  pressure,  m  which  a  fracture  is  impossible. 
as  it  will  close  immediately,  is  called  the  zone  of  solid  flowage  and  is  probably  200  miles  thick 
Peaks  in  the  zone  of  solid  flowage  denote  supersaturation  with  steam  and  other  gases  and  in- 
dicates lava  pipes.* 

gaseous  condition  of  all  of  the  matter  composing  it.  By  the  power  of 
diffusion  it  must  remain  homogeneous  until  a  portion  of  it  solidifies,  when 
that  portion  separates  from  the  portion  still  remaining  gaseous. 

Owing  to  the  great  pressure,  the  density  of  the  gas  is  greater  than  the 
solid  form,  and  for  this  reason  the  solid  crust  floats  on  the  gaseous  core 
like  ice  on  water.     Gases  of  low  critical  temperatures  diffuse  upward  through 

♦The  section  of  Hawaii  is  intended  to  convey  the  idea  that  there  is  no 
connection  between  Mauna  Loa  and  Kilauea  except  through  the  zone  of 
solid  flowage  at  great  depth,  thus  showing  how  they  act  independently  of 
each  other.  The  steam  escaping  through  the  liquid  lava  in  the  craters,  causes 
the  lava  fountains  to  play  and  furnishes  the  heat  to  keep  the  lava  fluid.  Sea 
level  is  shown  correctly  according  to  sketch  at  about  three  miles  below  the 
top  of  Mauna  Loa,  Kilauea  being  16  miles  distant. 

The  diameter  of  the  lava  craters  and  pipes  is  exaggerated.  It  is  fitting 
that  this  theory  of  the  gaseous  interior  should  be  discussed  in  the  Journal 
of  the  Franklin  Institute,  for  Benjamin  Franklin  was  the  first  to  suggest  it 
in  1784,  as  can  be  seen  in  the  tenth  volume  of  his  life  and  letters  in  the 
library  of  the  Institute. 
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the  zone  of  solid  flowage  until  they  reach  the  bottom  of  the  zone  of  frac- 
ture, where  they  are  stopped  until  they  supersaturate  it  to  such  an  extent  that 
it  has  a  high  elastic  force  like  a  compressed  spring. 

When  the  tensional  strain  of  the  gases  becomes  great  enough  to  rupture 
the  zone  of  fracture,  a  fracture  is  formed  and  the  supersaturated  magma 
impelled  by  the  steam  and  other  gases  rushes  into  it.  The  walls  of  the 
fracture  are  colder  than  the  steam,  which  condenses  and  causes  the  fracture 
to  close  by  reflex  action,  causing  a  shock  or  earthquake.  The  steam  and 
other  gases  of  low  critical  temperature  which  I  shall  call  the  magmatic 
steam,  are  not  held  in  the  zone  of  solid  flowage  by  the  power  of  diffusion 
as  they  were  in  the  zone  of  critical  temperature,  but  are  forced  up  through 
this  zone  by  difference  of  density  multiplied  by  the  depth. 

For  example,  suppose  that  the  mean  density  to  a  depth  of  ten  miles  is 
three  times  that  of  water.  The  pressure  of  water  increases  0.44  of  a  pound 
per  foot  of  depth,  and  three  times  that — ^1.32  pounds  pressure  per  square  inch 
per  foot  of  depth,  or  6970  pounds  per  mile,  or  69,700  pounds  pressure  per 
square  inch  at  a  depth  of  10  miles. 

According  to  the  formula  for  calculating  the  density  of  a  gas  which 
varies  directly  as  the  pressure  and  inversely  as  the  absolute  temperature,  I 
find  that  the  mean  density  of  steam  at  a  depth  of  lo  miles  should  be  0.65 
that  of  water,   assuming  the  pressure  to  be  69.700  pounds  per  square   inch. 

Fig.   2. 


and  the  temperature  to  be  803  C.  absolute  (530  C.  +  273  C).  According 
to  this  density,  which  is  probably  too  high,  the  weight  or  pressure  of  a 
column  of  steam  at  a  depth  of  10  miles  should  be  15,100  pounds  per  square 
inch.  Deducting  this  from  69,700  we  get  5-4,600  pounds  per  square  inch,  or  say 
2"/  tons  per  square  inch  as  the  differential  pressure  acting  on  the  steam  at 
that  depth  to  drive  it  up  through  the  zone  of  solid  flowage.  The  differential 
pressure  at  100  miles  would  be  ten  times  as  great  as  at  10  miles  and  there- 
fore it  appears  that  at  the  bottom  of  the  zone  of  solid  flowage  there  is  over 
500  tons  per  square  inch  differential  pressure. 

Were  it  not  for  the  high  temperature  and  pressure  and  the  fact  that 
steam  enters  into  the  composition  of  silicates  as  a  hydrous  fusion  at  high 
temperatures,  it  is  doubtful  if  even  these  high  differential  pressures  could 
force  it  through.  But  by  constant  addition  from  below  and  relief  from  above 
the  steam  passes  through  the  zone  of  solid  flowage  as  through  a  porous 
diaphragm,  and  carries  with  it  the  heat  necessary  to  make  local  fusions 
of  the  zone  of  fracture  and  discharge  it  as  lava.  The  reason  for  calling  the 
zone  of  solid  flowage  "  solid,"  instead  of  "  liquid,"  is,  that  the  zone  of 
critical  temperature  or  gas  zone  is  denser  than  the  matter  above  it,  or  they 
would  change  places.  If  the  gas  expands  on  changing  its  state  after  cooling 
below  the  critical  temperature,  it  would  have  to  expand  more  to  become  a 
liquid  than  to  become  a  solid,  and  the  pressure  is  sufficient  to  prevent  this, 
and  therefore  it  takes  a  short  cut  and  becomes  a  solid  without  becoming 
liquid.     This    expansion    of   the    material    in    the    zone    of    solid    flowage    is 
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evidently  less  than  the  contraction  of  the  zone  of  critical  temperature,  or 
otherwise  the  earth  would  expand  as  a  whole  instead  of  contracting,  as  we 
know  it  does.  The  local  expansion  immediately  below  an  earthquake  that 
causes  fractures  to  open  is  the  tearing  of  the  zone  of  fracture  by  the  ten- 
sional  pressure  of  the  magmatic  steam  which  has  been  accumulating  for  a 
long  time  under  the  differential  pressure  which  drives  it  up  through  the  zone 
of  solid  flowage.  The  quakes  and  tremors  are  not  so  much  the  result  of  the 
rupture  as  the  result  of  the  opening  and  closing  of  the  fractures  due  to  the 
intrusion  and  condensation  of  the  steam.  The  non-condensing  gases  asso- 
ciated with  the  steam,  pass  on  through  to  the  surface  and  cause  the  peculiar 
atmospheric  effects  noted  and  alarm  animals  living  in  burrows,  and  cause 
sand  and  mud  to  be  ejected,  as  in  the  New  Madrid  quake.  When  Professor 
Carter  stated  that  95  per  cent,  of  all  quakes  were  caused  by  faulting  and 
slipping  of  the  rocks,  he  stated  only  a  part  of  the  truth.  The  next  question 
which  would  naturally  follow  would  be  what  causes  the  faults  and  slips? 
Professor  Carter  would  probably  say,  contraction  and  folding.  But  contrac- 
tion and  folding  would  cause  overthrust  and  compression,  and  most  certainly 
not  cause  cracks  to  open.  The  only  cause  competent  to  produce  a  crack  or 
spread  apart  its  walls  is  a  local  expansion  immediately  below  the  cracks. 
Now  if  we  imagine  that  the  zone  of  solid  flowage  has  peaks  and  ridges  on  it, 

Fig.    2. 


just  as  the  outer  surface  has,  and  that  the  magmatic  steam  collects  in  these 
peaks  and  ridges  liencath  the  zone  of  fracture  until  it  has  sufficient  expansive 
force  to  rip  the  zone  of  fracture,  we  can  see  why  a  fault  plane  once  estab- 
lished will  continue  to  act  as  an  earthquake  centrum  for  a  loner  time  without 
showing  much  displacement.  The  accumulation  of  magmatic  steam  through- 
out the  thickness  of  the  zone  of  solid  flowage  would  have  the  effect  of  reduc- 
ing its  density,  and  if  it  should  accumulate  faster  than  it  escaped  through  the 
zone  of  fracture  then  the  surface  must  rise,  and — on  the  contrary — if  it 
escaped  through  the  zone  of  fracture  faster  than  it  accumulated,  then  the 
density  would  increase  and  the  surface  must  come  down.  Now  that  is  just 
what  happens  in  regions  of  rising  such  as  the  Andes,  the  density  is  less  than 
it  is  under  the  ocean  to  the  west  where  subsidence  is  taking  place.  It  is  no 
argument  to  say  that  the  "  earth's  crust  is  in  an  unstable  equilibrium,"  for  it 
has  had  plenty  of  time  to  get  into  equilibrium.  The  question  is,  what  disturbs 
the  equilibrium  ? 

A  difference  of  2  per  cent,  in  density  between  two  regions,  if  applied 
through  the  thickness  of  the  zone  of  solid  flowage  (200  miles),  would  cause 
a  difference  of  elevation  of  four  miles,  or  21,000  feet,  and  if  by  escape  of  the 
steam  in  one  case  and  accumulation  in  the  other  the  densities  become  reversed, 
the  elevations  will  change  with  them.  Professor  Carter  after  having  said 
that  it  is  solid,  speaks  of  the  earth's  crust  breaking  and  caving  in,  as  cause 
of  earthquakes.  This  appears  highly  improbable,  as  on  account  of  the  great 
pressure,  cavities  could  not  exi.st. 
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The  different  kinds  of  vibrations  which  are  found  to  occur  in  earth- 
quakes can  be  explained  by  supposing  that  in  case  the  fault  plane  is 
vertical,  the  opening  and  closing  causes  a  horizontal  movement,  while  if  a 
sill  of  lava  is  being  introduced  horizontally  between  bedded  rocks,  the 
intrusion  and  condensation  of  the  magmatic  steam  causes  a  vertical 
movement. 

Figures  2  and  3  illustrate  apparatus  for  producing  shocks  of  both  kinds. 
In  the  first  experiment,  boil  the  water  in  the  wash-bottle  and  force  the  steam 
into  the  rubber  bag  which  is  held  tightly  between  the  cakes  of  ice  by  the 
rubber  band  around  the  two  cakes.  When  the  steam  enters  suddenly  the 
rubber  bag  will  be  distended,  the  cakes  forced  apart  and  the  band  stretched. 
The  steam  will  be  condensed  by  the  cold  walls  of  the  bag  and  the  walls  will 
come  together  with  a  shock.  Turn  the  ice  cakes  so  that  the  bag  is  horizontal 
and  the  shock  will  be  vertical. 

In  the  second  experiment,  boil  the  water  and  force  steam  into  the  inverted 
bell  jar  filled  with  water.  The  steam  on  entering  will  be  condensed  and 
cause  a  shock  to  the  sheet-rubber  cover  to  the  top  of  the  bell  jar.  Small 
objects  placed  on  this  sheet-rubber  may  be  tossed  about  in  a  manner  similar 
in  earthquake  shocks. 

All  the  complicated  phenomena  of  volcanic  action — hot  springs,  geysers, 
mud  volcanoes  and  ore  deposition — can  be  explained  by  the  theory  herein  set 
forth,  but  as  Professor  Carter  treated  on  the  subject  of  earthquakes  only, 
which  is  but  one  of  the  many  effects  produced  by  magmatic  steam,  I  will 
merely  refer  to  other  papers  on  the  subject  which  I  have  written:  "  Relation 
of  Magmatic  Waters  to  Volcanic  Action,"  Journal  of  the  Franklin 
Institute,  October,  1908;  "A  Theory  of  Volcanic  Action  and  Ore  Deposi- 
tion," Institute  of  Mining  and  Metallurg>-,  London ;  "  Magmatic  Waters," 
Canadian  Mining  Institute,  190^1. 

Hiram  W.  Hixon. 
Ocean  City,  N.  J.,  June  29,  1909. 
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The  manner  in  which  impact  stresses  are  related  to  so-called 
static  stresses  will  require  careful  theoretical  consideration  before 
it  can  be  clearly  comprehended.  In  static  tests  we  have  merely 
equilibrium  of  forces  to  consider,  whereas  in  the  latter  must  be 
included  the  momentums  and  kinetic  energies  of  moving-  bodies. 

Before  taking  up  a  discussion  of  the  subject,  it  will  not  be 
out  of  place  to  review  some  of  the  well-kno\\Ti  fundamental  re- 
lations of  dynamics,  which  bear  directly  upon  the  subject.  The 
four  ultimate  conceptions  of  mass,  force,  space,  and  time  always 
bear  fixed  relations  to  one  another,  however  they  may  be  in- 
volved. We  will  use  the  following  symbols  to  express  these 
conceptions : 

I  Note.— The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.] 
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m  =  mass 
/  =  force 
5  =  space 
t  =  time 

z;  =  velocity  = 

change  in  velocity 
a  =  acceleration  = °         

energy  (K)  =fXs 
momentuni  {Mv)  =mXv 

The  fundamental  relation  which  these  quantities  bear  to  one 
another  is  given  by  the  equation 

a  =  -  (i) 

m 

In  the  familiar  case  of  gravitation,  which  is  a  uniform  force 
at  small  distances  from  the  earth,  the  force  /  is  the  weight  of 
any  body  w,  the  acceleration  a  is  called  by  way  of  abbreviation 
"  gravity  "  and  is  designated  as  g;  the  total  space  passed  over  in 
a  given  time  t  is  the  height  of  fall  h,  and  v  is  the  velocity  at  the 
end  of  the  time  t — hence  from  the  fundamental  equation  ( i )  and 
the  geometrical  relations  of  space,  time,  and  velocity  are  derived 
the  laws  of  falling  bodies  : 

v=gt 

whence  7;^  =  2p'/i,  or  h  =  — 
w 

wv~ 
work  =  kinetic  energj^  =  wh  =  —  =  ^mv^ 

momentum  =  mv 

vm 
w=gm  =  — 

The  above  laws  are  given  in  order  to  show  the  identity  of 
gravitation  with  all  dynamic  relations.  When  the  velocity  is 
variable  during  the  time  t  the  values  in  which  it  is  involved  are 
correctly  expressed  only  by  differentials :   for  example, 

ds 
velocity  =f  =  ,  (2) 

(it 
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d^s     dv       dv  ,  , 

acceleration  =  a^  ,v  =  -r  =  ^^  (3) 

dt-      dt      ds 

In  deducing  the  theory  of  impact  it  is  necessary  to  make  use 
of  certain  fundamental  principles.  The  laws  of  motion  which 
apply  to  a  single  material  body  apply  also  to  a  system  of  two  or 
more  bodies  taken  as  a  unit.  Imagine  two  free  bodies  approach- 
ing each  other  along  the  straight  line  joining  their  centres  of 
gravity.  These  may  be  considered  as  such  a  system,  having  a 
mutual  centre  of  gravity  G,  whose  velocity  along  this  same  line 
is  V.  Let  the  masses  of  the  two  bodies  be  A  and  B  respectively. 
Then  the  momentum  of  the  system  is 

(A+B)  V, 

and  its  external  kinetic  energ}- 

{A+B)^^ 

Now  no  occurrence  which  takes  place  internally,  that  is,  between 
the  two  bodies  themselves,  can  in  any  way  affect  these  two  values 
of  the  system  as  a  whole.  Only  an  external  force,  produced  by 
some  outside  body,  can  in  any  way  change  these  values.  After 
impact  between  the  two  bodies  these  values  remain  the  same  as 
they  were  before  impact,  it  matters  not  whether  the  two  bodies 
stick  together  or  rebound.  The  velocity  of  the  mutual  centre  of 
gravity  of  the  system  can  only  be  changed  by  some  external 
force.  The  relative  motions  of  the  bodies  to  their  mutual  centre 
of  gravity,  which  w^e  will  designate  as  "internal  "  may  undergo 
any  amount  of  change,  however.  If  they  stick  together  after 
impact,  or  '*  fall  dead  "  the  "  internal  "  kinetic  energy  entirely 
disappears,  being  used  up  in  heat  and  other  forms  of  vibration. 
This  is  the  case  with  inelastic  impact.  If  the  two  bodies  are  of 
the  same  shape  and  mass  and  are  perfectly  elastic,  they  will  re- 
bound after  impact,  each  with  its  original  relative  velocity,  but 
in  the  opposite  direction,  and  each  will  retain  its  original  internal 
kinetic  energy.  This  would  be  a  case  of  perfect  elastic  impact. 
The  reality  lies  anywhere  between  these  two  cases. 

Let  us  imagine  A  and  B  to  be  two  spheres,  whose  velocities 
are  v^  and  v f,,  v^  being  greater  than  t'^  and  the  direction  of 
motion  being  indicated  by  signs  -|-  to  the  right  and  —  to  the  left. 
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Then  the  velocity  of  their  mutual  centre  of  gravity  is 

Av^  +  Bv, 
^  =  ~~A+B-  ^4) 

Before  impact  the  relative  velocity  of  A  is 

D 

•Ua-V^j-^iV^-V,)  (5) 

to  the  right  and  the  relative  velocity  of  B 

{v.-V)=^^{v,-v:)  (6) 

towards  the  left.  In  perfect  elastic  impact  these  velocities  would 
be  the  same  but  of  opposite  sign  after  impact.  If  imperfect 
elastic  impact  they  will  still  be  inversely  proportional  to  their 
masses  but  will  be  reduced  by  some  ratio  as  k,  being  respectively, 

^^i'^-v;)  B.n^-^j^k{v,~v:)  (7) 

[Even  where  the  substances  are  perfectly  elastic,  it  can  be 
shown  that  except  in  the  case  where  the  bodies  are  similar  and 
equal  (where  the  vibrations  are  isochronous  mutually)  the  veloci- 
ties will  be  reduced  due  to  the  production  of  internal  vibrations  in 
the  bodies.  When,  for  example,  two  prismatic  bars  of  the  same 
material,  but  of  unequal  lengths,  strike  longitudinally  end  to  end, 
the  velocity  of  rebound  of  the  lighter  bar  is  the  same  as  though 
it  had  struck  a  bar  of  its  own  length  instead  of  a  longer  bar.] 
See  "  The  Engineer,"  London,  Feb.  15,  1867.  See  page  344. 
The  actual  velocities  after  impact  would  be  for 


and  for 


Here  it  is  seen  that  for  k  =  0,  or  inelastic  impact,  the  veloci- 
ties of  both  A  and  B  become  simply  V  after  impact,  and  for 
perfect  elastic  conditions  k=i,  2V  —  v^  and  2V  —  v  re- 
spectively. 

Now  let  us  consider  the  physical  occurrences  at  impact.     At 
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the  beginning  of  contact  a  mutual  repellent  force  F  begins  to 
come  into  play  between  A  and  B  which  produces  a  change  in 
the  relative  velocities  {v^ —  V)  and  {Vf, —  V).  This  force  F, 
starting  from  O  at  first  contact  and  increasing  to  a  maximum 
when  both  relative  velocities  of  A  and  B  are  brought  to  O,  then 
when  rebound  begins  again  decreasing  until  it  becomes  O  at 
departure;  is  counterbalanced  directly  by  the  local  compression 
of  the  material  of  both  bodies  at  the  point  of  contact.  As  a 
change  in  velocity  is  possible  only  by  the  action  of  some  force 
which  requires  time  in  which  to  act,  actual  contact  between  two 
absolutely  incompressible  bodies  is  inconceivable,  since  an  infinite 
force  would  result  no  matter  how  slowly  the  bodies  were  to 
approach  each  other.  Hence,  the  only  physical  conception  pos- 
sible is  that  all  bodies  are  compressible  and  that  the  mutual  re- 
pellent force  F  is  produced  or  balanced  by  internal  stresses  occur- 
ring within  the  substances  themselves  and  produced  by  the  dis- 
tortions of  their  particles.^  It  is  true  that  the  force  F  is  partially 
sustained  by  the  inertia  of  the  particles  themselves  near  the  sur- 
face of  impact  which  resist  the  accelerations  of  the  local  com- 
pression, as  well  as  the  stresses  due  to  their  displacement  or  com- 
pression. This  will  be  taken  up  later  on.  The  inertia  of  these 
particles  at  the  local  point  of  compression  causes  a  stress  at  this 
point  wholly  disproportionate  to  the  compression  which  would 
be  produced  by  a  static  force  of  the  same  value  as  F,  and  results 
in  a  wave  or  vibration  through  the  bodies  in  the  direction  of  the 
line  of  impact.  If  these  waves  occur  isochronously  in  the  two 
bodies  and  the  material  is  not  stressed  beyond  its  perfect  elas- 
ticity, they  will  react  on  each  other  in  the  two  bodies  equally  and 
the  energy  be  thus  restored  to  the  velocity  at  departure;  but  if 
these  waves  are  not  isochronous,  both  bodies  at  departure  will 
retain  a  state  of  vibration,  which  detracts  that  much  from  the 
energy  of  the  rebound.  It  is  conceivable,  if  the  velocities  of  the 
two  approaching  bodies  be  great  enough,  that  this  force  F  re- 
quired to  equilibrate  the  resistance  of  this  inertia  as  well  as  the 
resistance  of  the  compression  of  the  substance  alone,  would  pro- 
duce permanent  compression  or  indentation  of  the  outer  surfaces 
of  the  bodies  during  the  first  instant,  before  the  complete  com- 
pression had  taken  place.     In  other  words  the  mutually  renellent 

*  Strain  of  the  surrounding  medium   may  take  the  place  of  the  actual 

compression,  as  electric  repulsion,  etc.     See  page  241. 
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force  F  is  made  up  of  two  parts,  one  being  the  elastic  resistance 
of  the  body  to  compression  or  deformation,  /,  and  the  other  of  the 
force  necessar)-^  to  produce  the  local  acceleration  of  the  particles 
compressed,  /^ 

F  =  f  +  f,  (8) 

Hence,  it  might  readily  follow  that  a  permanent  dent  in  the 
outer  surface  would  occur  even  though  the  force  /  were  below 
the  elastic  limit.  Evidently  for  given  bodies,  the  greater  the 
velocity  of  impact,  the  greater  does  /j,  become  in  proportion  to  /. 

In  the  case  of  liquids  and  gases,  the  stress  /  is  little  or  nothing 
and  the  compression  force  is  entirely  due  to  the  inertia  of  the 
particles  displaced,  whence  F  =  f^  and  the  result  is  a  wave  or 
concussion  producing  longitudinal  vibration. 

Returning  to  the  discussion  of  the  total  mutual  repelling 
force  F.  At  any  instant  F  is  exactly  equal  to  the  change  in 
momentum  produced  by  its  action  divided  by  the  time  required 
to  produce  this  change  : 


Or  more  exactlv. 


t—t^ 


nuiv        (Ps  (0) 


Consequently  if  the  time-velocity  curve  can  be  determined,  the 
force  F  can  be  calculated  for  any  instant.  This  will  be  taken  up 
in  the  applications  further  on. 

The  ultimate  particles  of  which  matter  is  composed  must 
be  thought  of  as  incompressible,  in  which  case,  as  already  shown, 
actual  contact  between  any  such  particles  without  the  action  of 
an  external  force  would  be  a  physical  impossibilit}-,  since  no 
matter  how  slowly  they  approached  the  force  generated  by  actual 
contact  would  be  infinite  since  there  would  be  no  time  in  which 
for  it  to  act.  Actual  contact,  therefore,  can  never  occur  between 
these  particles,  and  we  must  assume  some  repellent  force,  elec- 
trical or  otherwise,  acting  around  each  particle,  and  forming  as 
it  were  a  substanceless  cushion  acting  with  perfect  elasticity.  It 
is  necessary  to  theorize  thus  a  little  into  the  ultimate  nature  of 
matter  (whether  actual  incompressible  atoms  exist  or  whether 
they  are  purely  a  conception  of  some  other  form  of  the  intangible 
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ultimatum  of  creation,  matters  not  here)  in  order  to  have  a 
clear  foundation  for  our  conceptions  of  impact. 

Now,  if  two  bodies  impinge  upon  each  other  the  mutual  re- 
pellent force  F  may  be  produced  either  by  the  displacements  of 
the  particles  of  the  substance  of  the  bodies  themselves  or  by  the 
compression  of  some  intermediate  substance,  forming  as  it  were 
a  cushion  between  the  two  bodies.  This  cushion  might  be  either 
mechanical  or  ethereal,  as  electric  repulsion,  for  example.  The 
latter,  however,  need  not  be  considered  here.  When  a  billiard 
ball  strikes  another  similar  ball,  for  example,  the  force  of  re- 
pulsion is  derived  directly  from  the  compression  of  the  substance 
of  the  balls  themselves.  When  a  ball  strikes  the  rubber  cushion, 
however,  the  impacting  bodies  are  the  ball  and  the  solid  table, 
and  the  force  is  counter-balanced  chiefly  by  the  compression  of 
the  intermediate  rubber  cushion.  If  the  cushion,  in  comparison 
to  the  other  bodies  may  be  regarded  as  massless,  the  total  force 
F  is  merely  proportional  to  the  static  force  which  would  produce 
the  same  amount  of  compression.  If  the  mass  of  the  cushion  is 
considered,  then  as  explained  on  page  239,  the  force 

where  f  ^  is  the  force  required  to  overcome  the  inertia  of  the 
particles  of  the  cushion.  When  these  particles  receive  their 
maximum  velocities  they  then  act  as  a  part  of  the  mass  of  the 
ball.  Consequently  the  effect  of  these  little  masses  is  to  at  first 
increase  the  value  of  F  and  then  when  /  reaches  its  maximum  to 
increase  its  value  over  that  which  it  would  otherwise  have.  The 
equation  mav  be  written 

At  the  instant  of  contact  f=o,  whence  F  =  f-^,  and  when  the 
compression  is  greatest  /j  is  0  and  F  =  f.  Comparing  this  with 
the  suppository  case  of  a  cushion  with  no  mass,  at  the  instant  of 
contact  we  have  F  ^  0  and  at  maximum  compression  F  =  f. 

The  action  of  the  mass  of  the  cushion  may  be  analyzed  in 
another  way.  The  particles  to  start  with  have  no  velocity  re- 
lative to  the  table.  When  struck  by  the  ball  their  inertia  resist- 
ance /i  causes  acceleration  to  take  place  until  they  reach  their 
maximum  velocities,  varying  according  to  their  positions,  the 
greatest  being  the  particle  situated  at  the  exact  point  of  contact, 
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which  may  be  assumed  to  equal  that  of  the  ball  (centre  of 
gravity)  since  we  may  neglect  in  this  case  the  compression  of 
the  substance  of  the  ball,  the  latter  being  very  hard  compared  to 
the  rubber.  The  acceleration  of  the  particles  of  the  cushion  then 
become  negative  and  they  help  instead  of  retard  the  effect  of 
the  ball. 

Now  if  there  be  any  way  of  knowing  the  relative  velocities 
which  all  these  particles  have  at  the  condition  referred  to  of  their 
greatest  velocities  (relatively  to  the  table)  we  would  be  enabled 
to  correct  our  formulae  for  impact  so  as  to  take  into  account  the 
mass  of  the  cushion.  (Strictly  speaking,  particles  would  not 
acquire  the  maximum  velocities  at  the  same  instant,  the  result 
being  in  reality  a  wave  of  impulse  sent  through  the  cushion, 
which  consequently  would  make  it  impossible  to  have  the  cushion 
with  perfect  elasticity  except  in  a  suppository  case  when  the 
vibration  and  compression  acted  isochronously.)  Let  m  be  the 
mass  of  the  cushion  (per  unit  of  volume)  and  let  v  be  the  velocity 
of  any  particle  dm,  then  its  kinetic  energy  will  be 

— dm, 
and  the  total  energy  of  all  the  particles  at  any  instant  is 


J 


dm. 
2g 


The  result  would  be  exactly  the  same,  as  though  we  were  to 
assume  a  mass  of  M c,  at  the  point  of  contact  and  moving  with 
the  same  velocity  C  as  the  ball,  of  such  magnitude  that 


/ 


y2  r2 

—dm  =  -  -M,- 

2g  2g 


or 


/' 


M.=    /  --^  (xo) 


the  application  of  which  will  follow  later. 

For  simplicity  of  reasoning  let  us  assume  that  the  body  struck, 
that  is  the  table,  is  so  large  in  proportion  to  the  ball,  that  its 
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velocities  relative  to  the  common  centre  of  gravity,  may  be  dis- 
regarded. Taking  the  example  used  on  page  237,  call  the  mass 
of  the  ball  A,  and  its  initial  velocity  both  actual  and  relative  to 
the  table  becomes  v^,  since  z'^  and  V  are  practically  zero.  After 
striking  the  cushion  and  overcoming  the  inertia  of  its  particles, 
the  velocity  of  both  the  assumed  mass  M  at  the  point  of  con- 
tact and  the  ball  will  be  the  same  and  become  C,  so  that 

according  to  the  simple  law  of  impact  between  any  two  bodies 
A  and  M ^,  page  238  equation  (4). 

The  energy  which  produces  the  final  total  compression  of 
the  cushion  and  consequent  force  /  =  F  is,  therefore, 

—  X(/l+M,) 

and  the  difference  between  this  value  and  that  of 

2g 

namely 

AM, 


v/  (   AM,  \ 

^  Ka+m}  ^''^ 


represents  the  exact  amount  of  energy  which  has  disappeared 
from  the  ball  and  has  gone  into  internal  vibration,  heat,  etc., 
due  to  the  mass  of  the  cushion.  This  is,  of  course,  on  the 
assumption  of  inelastic  or  "  dead  "  impact  between  the  particles 
of  the  mass  of  the  cushion  and  ball.  If  perfect  elasticity  occurred 
as  mentioned  in  brackets  page  242,  the  total  energy  of  the  ball 
would  of  course  finally  be  returned  to  the  ball  at  rebound  or 
retained  in  part  as  mechanical  vibrations  of  the  cushion.  The 
condition  of  perfect  isochronous  impact  when  all  the  energy  is 
returned  to  the  ball,  and  none  retained  by  the  cushion,  can  only 
occur  under  certain  conditions  explained  on  page  344.  Such 
cases,  however,  would  be  almost  hypothetical,  and  in  reality 
the  conditions  approach  that  of  the  inelastic  impact. 

The  significance  of  the  foregoing  deduction  to  the  subject  in 
hand  is  at  once  apparent  when  one  comprehends  that  the  specimen 
tested  by  impact  is  in  reality  in  the  nature  of  a  cushion  between 
the  two  impacting  bodies,  namely  the  hammer  A  and  the  anvil  B. 
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The  application  of  these  fundamental  principles  will  be  brought 
out  in  what  follows.  It  is  important,  however,  to  have  them 
clearly  fixed  in  mind  before  proceeding  further.  In  the  testing 
of  material  by  impact,  the  anvil  B  must  be  of  such  proportions 
that  its  relative  velocity  v^  to  that  of  the  common  centre  of  grav- 
ity of  itself  and  the  hammer,  V,  may  be  disregarded,  as  other- 
wise a  correction  must  necessarily  be  made  in  all  of  the  formulae 
based  on  this  assumption.  Such  correction  would  not  only  com- 
plicate the  subject,  but  inasmuch  as  the  anvil  usually  rests  upon 
another  body  of  some  substance  it  would  be  almost  impossible  to 
properly  make  this  correction.  The  most  exact  results  would  be 
obtained  by  using  an  anvil  freely  suspended  in  the  air  and  struck 
by  a  hammer  moving  horizontally.  All  velocities  could  then  be 
taken  care  of.  The  equations  given  on  page  238  would  then 
be  made  use  of  in  developing  the  results. 

In  order  to  fulfil  this  assumed  condition  in  which  F=^'^=0, 
equation  (4),  page  238,  gives  the  relation, 

Av 
V  = 


A+B 


which  evidently  can  be  rendered  O  only  by  an  infinite  mass  B; 
but  it  may  be  reduced  to  any  desired  amount  by  adjusting  the 
proportions  of  A,  B,  and  v^.  Moreover,  the  relative  velocity  of 
A  is  given  by  equation  (5),  and  becomes 


B 


A+B  ' 
and  its  internal  kinetic  energy 

B       \2A 

2g 


(^T5^")- 


These  values  should  differ  by  a  neglible  amount  from  the 
actual  velocity  v^   (relative  to  B)   and  the  total  kinetic  energy 


2e 


in  order  that  the  formulae  shall  be  reasonably  correct. 

Were  it  possible  to  measure  all  values  relative  to  the  motion 
of  B,  whatever  it  might  be,  taken  as  zero  instead  of  to  the  mutual 
centre  of  gravity  G,  the  formulae  using  these  relative  velocities 
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would  give  correct  results,  as  may  be  seen  by  an  examination  of 
the  accompanying  table,  with  the  exception  of  the  force  F  which 
must  always  be  referred  to  the  mutual  centre  of  gravity;  the 
error  referred  to  above,  however,  arises  from  the  inability  to 
take  such  measurements  practically  and  from  a  lack  of  being 
able  to  determine  the  effect  of  the  body  upon  which  the  anvil 
rests,  upon  the  motions  of  the  anvil. 

Let  us  examine  first  the  relations  between  the  various  quan- 
tities of  an  impact  test  graphically,  and  then  proceed  to  develop 
formulae  of  the  time-space  curve  and  of  the  inter-relations  of 
the  values. 

Consider  first  a  rectangular  beam,  of  wood,  or  metal,  or 
whatever  material  is  to  be  tested,  lying  horizontally  on  the  anvil 
B  and  supported  freely  at  its  ends,  and  let  it  be  struck  at  the 
centre  by  a  falling  hammer  A.  For  simplicity  let  us  first  con- 
sider this  beam  as  nmssless  as  well  as  weightless. 

Fig.  I. 


Time-deflection  curve,  massless  beam,  within  the  elastic  limit. 


Take  the  velocities  as  relative  to  the  anvil,  as  explained  above, 
or  assume  the  mass  of  the  anvil  so  great  that  its  motion  may 
be  taken  as  zero.  Let  the  motion  of  the  centre  of  gravity  of 
the  hammer  A  be  plotted  as  in  Fig.  i,  with  space  as  ordinates 
and  time  as  abscissae.  If  the  hammer  start  at  some  point  /  and 
fall  freely  the  distance  H  before  striking  the  beam,  the  curve 
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JB  will  be  a  parabola,  or  if  its  velocity  be  uniform  its  motion 
would  give  the  straight  line  J^B.  Impact  with  the  beam  begins 
at  B,  and,  assuming  the  beam  as  massless,  the  only  resistance 
offered  to  the  momentum  of  the  hammer  will  be  the  bending 
stress  of  the  beam,  which  will  be  the  force  F.  The  motion  curve 
then  becomes  BC.  The  resisting  force  starting  with  O  at  5 
increases  in  proportion  to  the  deflection  of  the  beam  until  the 
maximum  value  is  reached  at  C.  (In  this  case  let  the  elastic 
limit  of  the  beam  be  not  exceeded).  It  is  this  force  F  which 
overcomes  the  momentum  of  the  hammer  A  by  producing  a 
negative  acceleration  until  the  momentum  is  reduced  to  O  at  C. 
Rebound  then  begins.  If  the  beam  is  perfectly  elastic,  the  force 
F  continuing  to  act  will  restore  exactly  the  same  amount  of 
momentum  to  A,  and  in  the  same  manner,  but  in  the  opposite 
direction  that  it  had  at  the  beginning  of  contact.  The  curve 
will  be  CD.  At  D  departure  takes  place  (the  beam  being 
considered  as  massless). 

The  total  mutual  repellent  force  F  acting  on  the  beam,  be- 
tween the  hammer  A  and  the  anvil  B  is  at  any  instant  equal  to 

df         dt 

where  ^  is  the  space  traversed  by  A  and  v  is  its  velocity  at  the 
instant  under  consideration.  (Strictly,  5  is  the  space  which  A 
moves  in  relation  to  the  motion  of  the  mutual  centre  of  gravity 
of  the  hammer  and  anvil,  and  it  would  be  also  exactly  equal  to 

where  R  is  the  space  which  B  moves  relatively  to  the  saaiie  point 
at  the  same  time.)  If  S  is  in  feet  t  in  seconds,  and  A  =( weight 
in  pounds -^- acceleration  of  gravity  in  feet),  then  F  is  given 
in  pounds,  by  the  last  formula. 

If  the  force  of  gravity  is  to  be  considered,  as  well  as  the 
initial  velocity  of  A  at  impact,  then  this  formula  should  be 
written 

d-s        dv  ,  .     ^ 

F-W.  =  ^A^^A  (,3) 

where   W^^  is  the  weight  in  pounds  of  the  hammer  A.     This 
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could  be  avoided  by  having  the  hammer  move  horizontally  in- 
stead of  falling  vertically. 

Examining  Fig.  i,  it  will  be  noted  that  the  acceleration  of  the 
liammer  from  /  to  B  is  equal  to  g  and  is  produced  by  the  uniform 
force  JV„.  From  5  to  D  it  is  produced  by  the  force  W,, — F, 
and  becomes  negative  as  soon  as  the  value  of  F  begins  to  exceed 
W g.  This  is  at  the  point  of  reverse  cur\'ature.  since  the  accelera- 
tion 

df 

is  zero,  and  evidently  occurs  at  the  point  b  or  the  deflection  which 
would  be  produced  by  the  static  load  Jl\ .  In  horizontal  motion 
the  change  \\-xDuld  occur  at  contact,  B.  It  should  be  remembered 
that  while  W^  is  a  constant  force,  F  is  a  variable  ranging  from 
,0  at  5  to  a  maximum  at  C  and  again  to  O  at  D. 
Whenever 

d's 

df 

becomes  a  maximum  the  force  F  becomes  a  maximum,  and  this 
evidently  occurs  at  the  sharpest  part  of  the  curve,  which  in  this 
particular  case  is  at  C. 

The  value  of  F  at  any  instant  may.  therefore,  be  determined 
from  the  curve 

The  cui-ve  is  usually  obtained  by  some  mechanical  device,  by 
means  of  which  the  falling  hammer  makes  a  tracing  on  a 
uniformly  revolving  drum. 

Assuming  the  stress  in  the  beam  to  be  proportional  to  its  deflec- 
tion, i.e.,  that  the  static  conditions  hold  true  under  rapid  distor- 
tion, we  can  determine  the  force  F  from  the  ordinar)-  static 
equation  if  the  deflection  is  known  at  any  point,  for 

^_AX46X£./  (.^., 

where  A  is  the  total  deflection  at  the  centre  (within  the  elastic 
limit)  E  the  modulus  elasticity  in  bending,  /  the  moment  inertia 
of  the  cross  section  and  /  the  span.     Let  H  be  the  distance  (cor- 
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rected  for  friction)  the  weight  falls  before  touching-  the  l>eani,  or 

V.,  =  ^2gH 

its  velocity,  then 

W„{H  +  A)=wJ^^\a)=  'fa 

\2P  J        2 


Whence 


WAH  +  A) 


2aEJa:^ 


which  for  rectangular  beams  is 

2Ebh''A' 
J 

from  which  E  may  be  calculated.     And 

2Rbh-A 


W{H  +  A)  = 


6/ 


(15) 
(16) 

(17) 
U8j 


from  which  the  extreme  fibre  stress  R  may  be  obtained. 

If  the  beam  is  stressed  beyond  its  elastic  limit,  however,  the 
ordinary  formulae  do  not  apply  and  the  force  F  must  be  found 
from  the  curve  in  the  manner  just  explained. 

If  the  force   F  of  the  impulse  becomes   sufficient  to  cause 

Fig.  2. 


Time-deflection  curve,  beam  stressed  beyond  the  elastic  limit. 

complete  failure  of  the  specimen,  the  conditions  are  those  shown 
in  Fig.  2. 
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The  first  part  of  the  curve  JB  is  the  same  as  before.  The 
velocity  or  momentum  of  the  hammer  is,  in  this  case,  not  entirely 
overcome  by  the  resistance  F  of  the  beam,  so  that  at  failure  the 
hammer  retains  a  portion  of  its  velocity  as  indicated  by  the 
tangent  line  DEy.  If  the  hammer  works  vertically  in  free  fall, 
instead  of  horizontally,  then  the  curve  DE  is  again  a  parabola  of 
free  fall.  In  this  case  the  force  F  becomes  a  maximum  at  some 
point  C  when  the  curvature  is  sharpest,  and  must  be  determined 
from  the  curxe  by 

(Ps 

df 

since  there  is  no  means  of  calculating  it  mathematically.  When 
F  is  thus  determined  the  maximum  strength  values  may  be  cal- 
culated in  the  usual  manner,  formula  (14). 

The  difficulty  of  comparing  the  values  of  the  stresses  in  im- 
pact tests  with  those  wiiich  occur  in  static  tests  {i.e.,  where  the 
momentum  of  the  load  does  not  factor)  lies  in  the  difficulty  of 
accurately  determining  the  value  of  the  force  F  in  the  former. 
Comparisons  of  the  total  zuork  required  to  rupture  a  specimen, 
or  to  produce  a  given  deflection  are  comparatively  simple. 

The  deductions  thus  far  have  been  made  on  the  assumption 
that  the  beam  w^as  massless  as  well  as  weightless.  If  now  w^e 
take  into  consideration  the  ynass  of  the  beam  itself  (but  still 
neglecting  its  weight  which  would  not  factor  at  all  in  a  horizontal 
test,  and  to  an  extremely  small  degree  in  a  vertical  test)  its  own 
inertia  is  added  to  its  internal  stresses  of  distortion  in  overcoming 
the  momentum  of  the  hammer.  This  will  exert  a  compression 
force  at  the  point  of  contact  during  the  first  moment  of  impacr 
until  the  velocities  of  all  particles  of  the  beam  are  brought  to 
their  maximum  values,  as  explained  on  pages  239  and  240.  If 
this  force  due  to  inertia  of  the  particles  of  the  beam  be  designated 
as  /i  and  that  due  to  the  resistance  to  bending  as  f,  then 

The  force  /"^  becomes  O  again  in  inelastic  local  deformation  as 
soon  as  the  condition  of  maximum  velocities  of  all  the  particles 
has  been  reached,  and  those  immediately  at  the  point  of  contact 
will  be  moving  ^^^th  the  same  velocity  as  the  hammer  A.     The 
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mass  of  the  beam  will  then  be  acting-  the  same  as  though  a  pro- 
portion of  it  were  simply  a  part  of  the  hammer.  If  we  assume 
that  the  beam  bends  under  impact  with  the  same  form  of  curve 
which  it  would  have  under  a  static  stress,  the  inertia  of  the 
particles  can  be  readily  determined,  since  their  velocities  at  any 
instant  would  be  proportional  to  their  deflections.  We  may, 
therefore,  in  order  to  simplify  this  problem  assume  that  the 
mass  of  the  beam  be  replaced  by  a  hypothetical  mass  m^  placed 
at  the  point  of  contact,  which  will  have  the  same  effect,  both  in 
its  inertia  and  energy  as  the  original  mass  of  the  beam.  As  a 
basis  of  this  assumption,  the  following  principle  is  made  use  of : 
If  we  have  any  train  of  mechanism  connected  in  any  man- 
ner whatsoever  (unknown)  but  so  that  the  relative  velocities 
of  all  of  its  masses  are  known  and  are  determined  by  the  kine- 
matical  form  of  the  mechanism,  and  the  resultant  force  F  be 
known  acting  on  any  one  mass  which  is  the  cause  of  the  various 
accelerations  of  all  the  parts;  it  follows  that  the  resultant  force 
acting  on  each  separate  one  of  the  masses  is  inversely  propor- 
tional to  its  velocity  (f  =  am).  Any  part  w^  may,  therefore, 
be  changed  in  its  position  so  as  to  move  with  a  new  velocity  V2 
provided  it  be  changed  in  mass  in  inverse  proportion  to  the 
squares  of  the  original  and  new  velocities, 

without  altering  in  any  way  the  kinetic  energy  of  the  system 
nor  the  velocities  of  any  of  the  other  parts  of  the  system,  still 
acted  upon  by  the  original  force  F.  In  other  words,  the  force 
F  acting  for  time  t  would  produce  the  same  effect  upon  the 
altered  as  upon  the  original  mechanism.  The  momentum  of  the 
changed  part,  however,  would  be  different,  which  is  nevertheless 
of  no  consequence,  the  point  being  that  the  reaction  of  the  altered 
and  the  original  mechanism  upon  the  external  body  producing 
the  motion  would  be  identical.^  The  beam  under  impact  is 
such  a  mechanism  since  its  points  of  support  are  fixed  in  position, 
and  its  cun^e  of  bending  is  assumed  to  be  known.  Let  us  sup- 
pose the  beam  to  be  divided  into  thin  cross  sectional  disks 
differential  x  in  thickness.     The  velocities  of  these  disks  at  any 


'See   "Mechanical   Relation   of   Force   and   Mass"   by   H.   D.   Tiemann 

in    Stevens  Indicator,  October,   1901. 
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instant  will  be  proportional  to  their  deflections.  Let  m  be  the 
mass  of  unit  length  of  beam  and  let  w^  be  the  hypothetical  mass 
to  be  placed  at  the  centre,  which  is  to  replace  in  effect  the  original 
mass  of  the  beam.  Taking-  ordinates  at  one  point  of  support,  let 
y  be  the  deflection  for  any  distance  x  from  the  support,  and  y^ 
be  the  deflection  at  the  centre,  distance  x=  y^l.  Then  we  may 
obtain  according  to  the  above  argument. 

r 

m„y'\=    I  my^dx  (19) 


"-J: 


The  equation  of  the  curve  of  a  prismatic  beam  supported  at  the 
ends  and  loaded  at  the  middle  is 


Px 

y= 


4SEJ 

^'~4SEJ 


{sl'-Ax') 


^''=--"?^      /    m(;^p^^-Agl*^24l-x-  +  i6x*))dx  =  ^ntl         (20) 
P-/«     J        \(4SEjy  ^  /  35 


This  is  the  quantity  which  should  be  used  for  ui^^,  as  re- 
placing the  original  beam  both  for  kinetic  energy  and  also  for 
momentum,  and  not 


ymydx 


for  the  momentum,  as  has  been  wrongly  used.     These  values  of 
m^  were  derived  by  Cox  in  1848. 

Actually  the  form  of  the  curve  of  the  beam  under  impact  is 
different  from  that  in  a  static  test,  approaching  more  or  less 
the  sinusoid  of  vibratory  waves,  depending  upon  the  relative 
ratios  of  the  masses,  intensity  of  impact,  and  length  of  span. 
Dr.  A.  Gessner  in  tests  upon  cast-iron  beams  ("  Ueber  die 
Beanspruchung  Freiaufliegender  Trager  durch  Stoss,"  Wien, 
1906)  in  which  the  w^eight  of  the  specimens  was  less  than  a 
fourth  the  weight  of  the  hammer,  finds  that  the  actual  curves 
obtained  are  practically  identical  with  the  theoretical.     He  uses 
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for  the  reduced  mass  Yz  M  for  kinetic  energy  and   ^  M  for 
momentum,  M  being-  the  mass  of  the  beam. 

Before  developing  the  mathematical  formulae  for  impact  tests 
where  the  mass  of  the  beam  is  taken  into  account,  let  us  examine 
graphically  by  the  aid  of  diagrams  the  phenomena  which  take 
place.  A  diagrammatic  illustration  may  assist  our  conception  of 
the  two  distinct  actions  which  take  place  in  any  impact  test, 
namely,  the  local  compression  near  the  ix)int  of  impact,  and 
the  distortion  of  the  body  as  a  whole.  It  may  at  first  appear 
that  undue  attention  is  given  to  the  effect  of  the  inertia  of  the 
mass  of  the  specimen,  but  further  thought  will  show  that  it  may 
become  very  great,  and  that  it  is  the  cause  of  otherwise  inex- 
plainable  phenomena.  For  an  instance,  take  any  long  stick  fas- 
tened at  the  ends,  as  a  fence  rail,  and  strike  it  in  the  middle. 
The  result  is  vibrations  of  the  stick  which  are  entirely  caused  by 
its  own  mass  and  the  local  compression  produced  in  consequence. 
In  fact  it  is  practically  impossible  to  strike  any  body  without 
giving  to  it  mechanical  vibrations.  So  also  the  wear  of  steel 
rails  from  the  slight  impacts  of  the  wheels  causing  the  upper 
surface  to  swedge  out,  is  due  to  the  inertia  of  the  rail  itself  and 
not  to  the  bed  upon  which  it  rests.  Another  familiar  example 
is  the  difficulty  in  starting  a  very  long  train  of  cars,  as  coal  cars ; 
the  sudden  pull  of  the  engine  causes  a  local  elongation  which 
runs  the  length  of  the  train  as  a  longitudinal  vibration.  This 
is  due  entirely  to  the  inertia  of  the  separate  cars  and  not  to  that 
of  the  train  as  a  whole. 

Fig.  3  is  intended  to  represent  five  stages  of  the  progress 
of  impact  between  a  metal  ball  and  a  rectangular  wooden  beam 
resting  by  means  of  two  supports  upon  a  solid  anvil.  Only  the 
essential  points  are  shown  and  the  dimensions  are  purposely  ex- 
aggerated for  clearness.  The  arrows  to  the  left  of  each  figure 
represent  the  respective  velocities  of  the  centres  of  gravity  of 
the  ball  and  that  of  the  transposed  mass  or  the  centre  of  the 
beam,  the  length  of  the  arrows  being  proportional  to  the  re- 
spective velocities  at  the  stage  represented. 

At  stage  I  the  ball  has  its  initial  velocity  v^  and  the  beam  O. 
The  first  resistance  to  the  momentum  of  the  ball  is  that  of  the 
inertia  of  the  beam  only,  as  no  bending  has  taken  place.  This 
resistance,  which  we  will  designate  by  the  force  f^  produces  the 
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local  compression,  as  shown  at  stage  2.  At  this  instant  the 
velocity  of  the  ball  is  being  reduced  and  acceleration  is  beginning 
in  the  beam  due  to  the  force  f^.  At  stage  3  the  local  compression 
and  consequently  f^  have  reached  their  maxima  and  the  velocities 

Fig.  3. 


of  both  the  centre  of  the  beam  and  ball  are  the  same.  The 
momentum  of  the  ball  has  been  reduced  since  stage  2  by  the 
action  of  both  the  force  /^  and  also  by  the  force  /  due  to  the 
bending  of  the  beam. 

If  we  call  the  force  retarding  the  momentum  of  the  ball  at 
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any  instant  F,  then  during  contact 

F  is  also  the  force  producing  the  local  compression. 
The  common  velocity  is  now 

A 


^==(a+^)^" 


What  happens  next  depends  upon  whether  the  local  com- 
pression is  permanent  or  inelastic  or  if  it  recovers  as  elastic. 
In  the  inelastic  case,  shown  to  the  left  part  of  Fig  3.  the  in- 
dentation remains  and  the  ball  and  the  beam  act  together  as 
one  body,  having  the  same  velocity,  until  departure  takes 
place.  Bending  continues  until  the  mutual  velocity  is  reduced 
to  zero,  as  in  stage  4.  The  force  acting  since  stage  3  was 
passed,  being  simply  F:=/.  Rebound  then  begins,  the  two 
bodies  moving  as  one  until  departure  takes  place.  When  this 
happens  the  inertia  of  the  beam  with  its  upward  velocity, 
carries  it  beyond  the  initial  horizontal  position  while  the  ball 
leaves  the  beam  with  its  velocity  C^.  Stage  5  is  a  short  time 
after  departure.  At  impact  a  loss  of  energy  occurred,  which 
produced  the  local  indentation,  and  which  if  the  compression 
is  inelastic  is  dissipated  in  heat  or  molecular  vibrations ;  the 
amount  lost  is 


-^A {A  +m,,)  =  — 

2  2  2  \A  +mj 


At  departure  a  further  loss  occurs  to  the  ball,  or  rather  is 
not  restored,  which  gives  the  beam  its  vibrations,  for  the  velocity 
of  both  together  is 

\A+niJ 
and  the  combined  energy  is 

A^ 


Vg'   (     A'     \ 
2   KA+mJ 


of  which  amount  the  ball  retains 

2  2    \  (^  +  nio) 
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and  the  beam  retains  in  vibration 

2  2    {  {A  +m„y 

We  will  assume  for  simplicity  that  all  the  motions  are  horizontal 
instead  of  vertical,  thus  doing  away  with  the  influence  of  the 
weights. 

If  we  represent  these  conditions  of  inelastic  impact  in  a 
diagram  with  time  for  the  ordinates  and  space  or  deflection 
for  the  abscissae,  a  curve  similar  to  that  of  Fig.  4  is  obtained. 

Fig.  4. 
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Inelastic  or  "  dead"  impact. 


In  this  figure  and  the  following  ones  w^hich  are  similarly  la- 
belled throughout,  the  dash-and-dot  line  represents  the  motion 
of  the  centre  of  the  ball,  the  dotted  line  that  of  the  centre  of 
the  beam,  and  the  solid  line  that  of  the  mutual  centre  of  gravity 
of  the  ball  and  the  hypothetical  mass  m^.  The  dash  line  J^BDJ2 
is  the  motion  of  the  centre  of  the  ball  if  the  beam  were  massless 
and  perfectly  elastic.  In  all  cases  J-iB  is  the  motion  of  the 
ball  before  impact,  and  B^B  that  of  the  beam.  Impact  is  sup- 
posed to  occur  at  B.  The  stages  shown  in  Fig.  3  are  indicated 
by  numbers  on  the  lower  line.  The  amount  of  local  compression 
is  evidently  the  vertical  ordinate  of  the  shaded  portion. 

In  Fig.  4  when  impact  occurs  at  B  the  local  compression 
must  rapidly  increase  to  a  maximum  due  to  the  force  f^,  in  order 
to  give  to  the  beam  its  bending  velocity  C.     The  velocity  IB 
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of  the  ball  is  correspondingly  reduced,  so  that  at  the  line  bd 
both  are  moving  together  with  the  same  velocity  Cj  indicated 
by  the  tangents  to  the  curves.  The  local  compression  is  then  bd, 
which  remains  permanently  in  this  case.  The  two  curves  are 
then  parallel  to  Bo.  Departure  occurs  at  stage  A^,  the  hammer 
continuing  with  its  velocity  C,  and  the  beam  vibrating  as  in- 
dicated by  B2B3. 

Whether  impact  is  dead  or  elastic  makes  no  difference  in 
the  first  part  of  the  curve  as  far  as  bd.  If  the  local  deforma- 
tion be  permanent  the  subsequent  motions  will  be  those  of  Fig.  4 
just  explained,  the  beam  retaining  vibration. 

Fig.    :;. 
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Isochronous  elastic  impact. 


In  the  case  of  this  deformation  being  elastic,  further  action 
takes  place  between  the  ball  and  the  beam  due  to  the  continua- 
tion of  the  force  fi,  in  the  recovery  of  the  deformation.  This 
effect  can  be  only  to  retard  the  motion  of  the  ball  more  than  in 
the  case  of  dead  impact  just  discussed,  with  the  consequent 
acceleration  of  the  motion  of  the  beam.  The  result  must  inevi- 
tably be  separation  of  the  two,  since  the  force  of  deflection  / 
can  not  retard  the  velocity  of  the  beam  more  rapidly  than  it 
do€S  the  combined  mass  of  Fig.  3,  i.  e.,  the  resulting  force  F 
tending  to  deflect  the  beam  must  be  greater  than  in  the  case 
of  dead  impact. 
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Two  general  cases  may  therefore  be  conceived  to  occur  in 
elastic  impact.  First,  it  is  theoretically  possible  that  the  secon- 
dary impact  after  the  separation  may  occur  as  represented  in 
Fig.  5  in  such  a  manner  that  the  final  separation  will  again 
reduce  the  velocity  of  the  beam  to  zero  at  departure.  This 
we  will  designate  as  "  isochronous  elastic  impact."  Whenever 
separation  occurs  the  velocity  of  the  ball  remains  uniform,  and 
the  time  is  reduced  since  the  time-space  curve  during  the  interval 
is  that  of  free  vibration  of  the  beam  alone.  During  contact  in 
every  case  whether  elastic  or  dead  the  curve  of  the  mutual  centres 
of  gravity  is  always  the  same,  being  that  of  the  combined  mass, 
C 1C2. 

In  the  case  shown  in  Fig.  5  the  deflection  of  the  beam  is 
evidently  greater  than  that  in  Fig.  4.  The  potential  energy  in 
the  beam  at  its  greatest  deflection  L  in  this  case.  Fig.  5,  is 
evidently  the  total  energ}^  of  the  ball 


2 
2 


^^A 


since  the  velocity  of  the  ball  is  reduced  to  zero,  and  the  difference 
between  the  two  deflections  of  Figs.  4  and  5  is  exactly  the  lost 
energy  at  impact  = 

v^  /    Ania  \ 
2    \A-\-m„) 

as  on  page  256. 

The  second  case  which  is  possible  in  perfectly  elastic  impact 
is  that  illustrated  in  Fig.  6,  where  the  motion  of  the  beam  and 
that  of  the  local  compression  are  not  isochronous,  in  which  case 
the  beam  will  retain  vibrations  also.  It  is  therefore  possible  to 
have  perfect  elasticity  and  yet  have  the  beam  retain  vibrations 
and  the  velocity  of  rebound  of  the  ball  be  less  than  that  of  impact. 
In  fact  this  is  the  general  rule,  the  other  case  being  almost  a 
hypothetical  condition. 

The  velocity  of  the  ball  at  rebound  B2J2  can  evidently  never 
reach  that  of  impact  JB,  except  in  the  instance  given  in  Fig.  5, 
since  the  direction  of  its  curve  at  B^  must  be  less  steep  than  it  is 
at  B.    The  extra  energy  of  the  elastic  compression 
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may  cause  incrca>e(l  remaining-  \  ibralions  of  the  beam  or  in- 
creased velocity  of  the  ball  at  departure,  or  both,  above  that  of 
dead  impact,  depending  upon  the  total  deflection  of  the  beam. 
If  this  dellection  l)e  greater  than  that  of  Fig.  4,  dead  impact,  the 
extra  energy  must  go  into  the  final  velocity  of  the  ball;  if  less 
than  Fig.  4  it  goes  into  increased  vibrations  of  the  beam.  So 
we  may  have  a  case  of  elastic  impact  where  the  final  vibrations 
of  the  beam  are  greater,  and  the  energy  of  the  ball  less,  than  in 
the  case  of  dead  impact. 

Fig.  6. 


Non-isochronous  elastic  impact.     Final  velocity  of  ball,  Biji  is  less  than  in  dead  impact  CiCi 
vibrations  of  beam  BzB\  are  greater. 

In  any  case  the  total  deflection  of  the  beam  is  such  that  its 
potential  energ}^  pltis  the  kinetic  energy  remaining  in  the  ball 
at  the  same  instant  is  equal  to  the  restored  energy  of  the  ball  at 
departure  plus  that  of  the  remaining  vibrations  of  the  beam. 

(To  be  continued.) 
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SURFACE  COATING  WITH  TARS. 

The  most  general  process,  however,  for  the  suppression  of 
the  dust  nuisance  is  the  use  of  a  surface  coating  of  tar.  From 
the  chronological  table  of  its  development,  we  shall  see  that 
although  its  general  use  came  about  the  same  time  as  the  use  of 
oil,  experiments  had  been  made  with  it  in  France  twenty  years 
earlier,  yet  on  account  of  the  universal  use  of  gas  the  economical 
supply  of  tar  was  not  limited  by  geographical  considerations,  so 
that  it  at  once  secured  a  wide  field  of  usefulness.  The  follow- 
ing table  gives  the  general  development  of  its  use : 

DEVELOPMENT    OF    TAR    COATING. 

1867.     Chas.   Tellier,  in  France,  first  proposed  the  use  of  tar  as  a  surface 

treatment  on  roads. 
1871.     A.  M.  Francon,  at  Auch,  applied  a  coating  of  cold  tar,  and  then  fired 

it  to  secure  a  better  penetration. 
1880.     Cristople,   at   St.   Foy  le  Grande,  and  Lavinge,  at  St.  Gaudens,  made 

some  experiments  with  cold  tar. 
1886.     Experiments   were   made   at   Melbourne,   Australia,   with   considerable 

success. 
1888-1892.     Further  work  was  done  at  St.   Gaudens  by  Cristople. 

1894.  A  short  piece  of  road  at  Montclair,  X.  J.,  was  treated  with  coal  tar, 

and  screenings  were  rolled  in.     The  first  use  of  this  method. 

1895.  The  first   general   experiments,   where   all   conditions   were   noted   and 

considered  by  Guardeau  in  France.  He  used  both  hot  and  cold  tar, 
and  noted  the  better  effect  with  hot  tar. 

1900.  Rimini,  an  Italian  road  engineer,  patented  the  use  of  coal  tar  mixed 

with  a  drying  oil.  This  gave  a  quick,  smooth  finish,  but  did  not 
last  very  well. 

1 901.  Drs.    Schottelius   and   Guglieminetti   made   their   classical   experiments 

at  Monte  Carlo  and  Xice,  and  determined  the  essentials  for  success- 
ful results. 

1902.  The  League  for  the  Suppression  of  Road  Dust  was  formed  with  head- 

quarters in  Paris.  They  succeeded  in  interesting  the  French  Gov- 
ernment, so  that  systematic  experiments  were  undertaken  in  the 
Department  of  Seine,  Seine  et  Marne  and  Seine  et  Oise.  This  same 
year  the  success  attained  at  Monte  Carlo  and  Xice  led  to  the  tarring 
of  the  whole  road  from  Cannes  to  Mentone. 
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1903.  Tlic   work  was  now    undertaken  on   >omc  of   thf   suburban   roads  that 

were   largely   used  l)y   motors  aliout   Paris ;   at   St.   Cyr  and  in  and 
around   Versailles. 

1904.  The   roads   in   the   Bois   de    Bologne   were   tarred,   and   the   Boulevard 

Maillot  and  Avenue  de  la  Grand  Armee. 

1905.  The  use  of  tar  mixed  with  tar  oils  so  that  healing  was  avoided,  was 

widely  tried  in  France. 

1906.  The   use   of   tar   became   quite   general    in    France,   England,   and   was 

commenced  in  America. 

There  are  several  reasons  why  the  use  of  tar  was  more 
oeiieral  than  that  of  oiL  As  mentioned  before,  it  could  be  more 
easily  procured,  it  was  cheaper,  and  it  was  more  widely  applicable 
to  different  kinds  of  road  surfaces,  particularly  to  the  broken- 
stone  roads  of  Continental  Europe,  and  it  gave  much  better  re- 
sults than  the  paraffin  base  oils  first  used  on  the  Continent. 

Again,  the  object  of  Dr.  Guglieminetti's  experiments  were, 
primarily,  to  better  the  hygienic  conditions  that  resulted  from 
the  dust  clouds  raised  by  traffic. 

They  found  that  there  was  a  great  increase  in  the  number  of 
microbes  per  cubic  centimeter  in  the  air  near  roads  that  were 
frequented  by  automobiles,  and  that  while  the  use  of  petroleum 
oils  that  were  first  experimentally  used  decreased  the  number  of 
microbes  when  first  applied,  yet  their  value  as  antiseptic  agents 
soon  diminished  almost  to  zero.  So  that  they  were  searching 
for  some  antiseptic  agent  that  would  have  a  more  permanent 
value.  The  value  of  tar  in  this  connection  was  well  know-n,  as 
it  had  been  used  for  many  years  in  treating  various  plant  dis- 
eases, and  this  led  to  its  trial  at  Monte  Carlo,  with  surprisingly 
successful  results. 

When  we  consider  the  methods  of  applying  the  tar,  we  find 
that  they  may  be  divided  into  three  general  heads. 

1.  Painting  the  road  surface  by  brushing  wath  a  hot  coating 
of  coal  tar  and  dusting  it  lightly  with  sand.  In  general  use  in 
France. 

2.  Painting  the  surface  bv  machine  or  wdth  a  very  light  coat- 
ing of  oil  tar  or  thinned  coal  tar,  and  dusting  with  sand.  This 
is  generally  used  in  England. 

3.  Coating  the  surface  with  a  fairly  heavy  coating  of  hot  tar 
or  tar  compounds,  and  then  covering  with  a  light  coat  of  screen- 
ing and  rolling.     This  is  the  general  system  used  in  America. 

In  reviewing  these  methods,  we  should  bear  in  mind  the 
objects  to  be  attained.     In  the  first  place,  we  wish  to  hold  the 
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surface  dust  iu  place  so  that  it  may  perform  its  function  of  re- 
taining the  stones  composing  the  wearing  surface  in  their  proper 
position  to  reinforce  this  matrix  against  the  shearing  strain  put 
on  the  surface  by  the  passage  of  motor  cars,  and  to  form  a  water- 
proof coating  on  the  road  surface  protecting  it  from  the  action 
of  the  atmosphere,  and  thus  minimizing  the  formation  of  mud. 

We  cannot,  of  course.  pre\"ent  the  formation  of  dust  from 
detritus  dropped  on  the  road  by  traffic,  but  when  first  apphed  the 
tar  will  absorb  a  considerable  (juautity  of  it.  and  in  this  action 
is  surpassed  by  the  heav}'  oils. 

There  ha\e  been  an  innumerable  number  of  A-ariations  pro- 
posed and  tried,  so  that  it  would  be  almost  impossible  to  even 
review  them  all.  so  that  onbv  the  most  successful  methods  coming 
under  the  three  foregoing  heads  will  be  gone  into.  The  first 
method  was  the  outgrowth  of  the  experimental  work  done 
by  the  French  engineers,  and  the  general  conclusions  laid  down 
by  Dr.  Guglieminetti  seem  to  cover  the  subject  so  thoroughly 
that  they  will  be  repeated  here. 

The  weather  should  be  clear  and  drv  with  an  air  temperatiu'e 
not  lower  than  70^  F.,  and  preferably  higher.  The  road  should 
have  been  resurfaced  during  the  past  four  to  six  months.  The 
surface  should  be  thoroughly  dr}-.  and  tar  should  not  be  applied 
before  ten  o'clock  in  the  morning. 

The  surface  should  be  free  from  dust  and  dirt,  and  where 
possible  the  surface  should  be  lightly  washed  with  a  hose  and 
water  under  pressure,  and  the  road  allowed  to  dry  with  traffic 
excluded  for  two  or  three  days.  The  tar  should  be  heated  to 
140°  F.  and  spread  very  evenly,  avoiding  excess,  and  well 
brushed  into  the  surface  voids.  Two  or  three  hours  should  be 
allowed  for  the  tar  to  be  absorbed,  and  then  a  light  even  coating 
of  sharp  sand  should  be  spread  over  it.  The  quantity  of  tar 
should  be  regulated  according  to  the  capacity  of  the  road  for 
absorption,  and  should  not  be  less  than  .25  gallons  or  over  .5 
gallons  per  square  vard.  Two  light  coats  are  recommended  as 
more  efficient  than  one  heavy  coat.  Xo  essential  modification 
has  resulted  in  seven  years  work  with  this  method. 

The  most  important  specification  is  that  of  the  choice  of  the 
day  for  doing  the  work.  It  is  absolutely  essential  that  the 
weather  should  be  clear  and  warm,  and  that  the  road  should  be 
thoroughly  dry,  not  onl}^  on  the  surface  but  down  into  the  body 
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for  several  inches.  'J'liis  means  that  at  least  two  days  of  dry, 
dear  weather  shonld  have  elajjsed  since  the  hist  rain,  and  that 
June  in  this  latitude  is  about  the  hrst  montli  that  successful 
results  mav  ])e  expected,  due  to  the  excess  of  moisture  absorbed 
during  the  winter  and  spring-  rains,  and  Sei^tember  is  probably 
the  latest.  The  necessity  of  observing  the  ijrojier  weather  con- 
ditions, and  the  shortness  of  the  season,  naturally  increases  the 
cost  of  work  when  done  l)y  contract,  as  the  men  and  plant  are 
idle  so  much  of  the  time.  l)ut  with  highway  commissions  the  men 
can  generally  be  utihzed  in  other  work,  so  that  it  is  not  so 
important. 

¥ir,.  I  ^ 


French  tar  distributing  machine. 

Considering  the  practical  application  of  this  method,  we  find 
here  that  freeing  the  road  from  dust  is  the  most  difficult  and 
expensi\-e  part  of  the  process;  but  this  is  due  to  the  fact  that  in 
France,  and,  to  a  very  considerable  extent  in  England,  they  keep 
the  surface  of  their  roads  free  from  mud  and  dirt  by  frequent 
scrapings  and  brnshings.  so  that  the  preparation  for  the  applica- 
tion of  tar  is  not  so  difhcult.  while  here  only  in  the  case  of  a 
few  turnpikes,  parks,  or  closely  settled  suljurban  villages,  is  such 
a  thing  ever  thought  of,  so  that  it  requires  a  great  deal  more 
labor  on   our   roads   to   remox'e   the   accumulated    dust.      Again, 
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owing  to  the  fact  that  our  horses  are  nearh'  ah  shod  with  caulks, 
the  surface  is  continually  kept  rough,  and  thus  affords  lodgment 
for  the  road  and  traffic  dust,  while  abroad  the  horses  are  smooth 
shod,  or  when  caulks  are  used  at  all  it  is  only  in  cities,  so  that 
the  road  surface  is  smoother  and  easier  cleaned  bv  brushing, 
which  would  ra\'el  an  American  road.  The  preliminary  sweep- 
ing is  usuall}-  (lone  by  hand  in  France,  and  by  horse  sweei>ers  in 
England  and  America,  reinforced  by  a  hand  g'ang  who  clean  out 
any  liollows  or  depressions  not  readied  l)v  the  larger  and  stiffer 
revolving  broom. 

Fig.  14. 
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Lassailly  tarring  machine. 

This  sweeping  is  of  the  greatest  importance,  and  lack  of  care 
with  it  is  responsible  for  the  majority  of  the  failures,  even 
where  the  other  conditions  have  been  carefully  observed.  There 
are  two  main  reasons:  When  the  surface  voids  are  filled  with 
dust,  the  tar  collects  in  little  globules  and  does  not  penetrate 
the  road  metal  at  all,  just  as  water  assumes  the  spheroidal  state 
on  a  hot  iron  plate,  and  is  readily  washed  away  at  the  first  rain. 
Again,  w-hen  a  quantity  of  dust  is  allowed  to  remain  in  the 
bottom  of  any  little  hollow  or  clnick  hole,  the  excess  of  tar  that 
will  nearly  always  collect  there  forms  a  cake  with  an  apparently 
smooth  surface,  but  under  the  action  of  the  weather  and  the 
traffic  this  soon  disintegrates  and  is  licked  out  bv  passing  wheels, 
leaving  the  metal  unprotected,  so  that  moisture  jienetrating  under 
the  tar  surface  soon  destrovs  it  for  a  considerable  distance  around 
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the  original  hollow,  giving  the  road  a  very  bad  appearance  and 
soon  forming  deep  chuck  holes. 

The  tar  has  been  applied  in  a  number  of  ditlerent  ways.  ^  At 
first  and  in  small  jobs  it  was  heated  in  kettles  on  the  roadside, 
and  applied  from  hand  sprinkling  cans  provided  with  wide  flaring 
nozzles.  A  small  tank  holding  about  fifty  gallons,  on  wdieels,  that 
could  be  pulled  by  two  men.  was  then  used  in  France.  Nozzles 
were  provided,  so  that  an  even  distribution  was  secured.  This 
was  succeeded  by  portable  horse-drawn  boilers  that  would  hold 
a  number  of  gallons,  but  the  actual  sprinkling  was  done  by  hand 

Fig.  I  ^. 


I  !■,:  ril'uting  and  brooming-in  tar 

with  a  flat  nozzle  connected  by  a  flexil^le  hose  so  that  the  quantity 
of  tar  used  could  be  more  accurately  apportioned  to  the  requu-e- 
ments  of  the  surface.  About  1906  the  Lassailly  machine  was 
invented,  which  sprinkled  the  tar  at  a  predetermined  rate,  and 
made  use  of  a  set  of  automatic  brushes  to  secure  a  more  uniform 
distribution.  In  the  United  States  the  usual  form  of  street 
sprinkler  has  been  provided  with  an  iron  tank  (that  would  remam 
tight  under  the  influence  of  the  hot  tar)  and  the  sprinkler  has 
been  modified  to  handle  the  thicker  substance,  while  the  White 
oiling  machine  has  been  adopted  to  some  extent. 
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I'robal)ly  the  ^•ery  best  work  has  been  done  by  a  skihed  man 
distribtitiiif^  the  tar  from  a  nozzle,  as  he  can  gauge  precisely  just 
how  much  tar  each  separate  section  requires,  but.  of  course,  at 
much  greater  expense  than  with  the  machines,  where  the  flow 
must  be  more  or  less  uniform  regardless  of  requirements. 

Following  the  actual  spreading  of  the  tar  come  men  who 
follow  the  sprinklers  with  brooms  and  brush  it  thoroughly  into 
the  road  metal.  They  see  that  it  is  spread  evenly  and  remove 
any  excess  and  cover  tlie  thin  places.  Their  work  is  ^'ery  im- 
portant, as  it  is  difficult  when  the  dust  has  not  Ijeen  completely 

Fig.  I  6. 


Road  treated  by  first  method,  Savannah,  Ga. 

removed  to  make  the  tar  "  take  "  on  the  surface,  that  is  to  break 
down  the  surface  film  that  is  formed  and  really  penetrate  the 
interstices  of  the  metal.  It  was  to  overcome  this  difficulty  that 
the  use  of  water  as  a  preliminary  washing  was  recommended: 
but,  of  course,  this  is  not  always  practicable  as  the  road  must  be 
closed  to  traffic  while  it  is  drying.  The  water  removes  the 
siu'face  dust  film  and  leaves  the  stone  in  ^•ery  good  condition  to 
receive  the  tar.  It  is  essential  also,  for  the  reasons  given  above, 
that  no  e.Kcess  of  tar  should  be  allowed  to  collect  in  puddles  in 
hollows  in  the  road  surface.  Stable  brooms  are  generally  used, 
and  about  r)ne  man  for  each  3  feet  of  width  of  road,  with  an 
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extra  man  or  two  bringing  u])  the  rear  to  renio\c  any  ])U(l(lles, 
etc..  thai  lia\e  escai)e(l  the  regular  gang.  The  nu-n  here  tre- 
quenth-  \\ork  so  tliat  the}-  Ijriish  towards  the  hod}-.  1)}-  stanchng- 
on  the  untreated  road,  l)ut  in  h'rance  the}-  are  proxided  with 
wooden  shoes  and  brush  aw  av  from  the  hod}-,  walking  in  the 
tarred  surface.  1die  latter  seems  much  the  better  method,  except 
from  the  nuisance  to  the  men.  On  the  smoother  road  surfaces 
of  France  they  frequently  use  a  rub1:)er  squegee  to  spread  the  tar 
after  sprinkling:  this  seems  to  gi\-e  ver\-  good  results  there,  but 
does  not  seem  adapterl  to  the  rougher  surface  of  our  roads. 

Fu;.   17. 


Horse-drawn  tar-spraying  machine 

This  brooming  or  sweei)ing  in  is  a  very  disagreeal)le  and 
hard  work  if  it  is  done  properly,  as  the  tar  must  be  thoroug"hly 
brushed  and  rubbed  into  the  road  nietal  to  secitre  the  best  results. 
It  seems  to  take  weight  to  do  this,  and  the  men  can't  keep  it  tip 
properly  for  very  long  at  a  time.  They  freqtiently  arrange  the 
work  so  that  the  gangs  change  places  about  cA'crv  hour. 

The  surface  should  remain  undisturbed  for  se\-eral  hours  to 
allow  the  absorption  of  the  tar,  and  then  l)e  lightly  co\ered  with 
a  clean,  sharp  sand  just  sufficient  to  absorb  any  of  the  tar  remain- 
ing on  the  surface  and  to  fill  the  ^■oids  which  were  opened  b}^ 
the  sweeping. 
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This  method  has  been  widely  used  in  France,  and  has  proven 
very  successful  with  their  smooth  surfaces,  but  it  is  necessarily 
slow  and  expensive  at  the  hig-her  rates  of  labor  in  England 
and  America.  In  order  to  obviate  the  labor  cost,  and  to  avoid 
the  necessity  of  heating  the  tar,  some  modifications  have  been 
made  to  it. 

x\bout  1905  they  commenced  applying  the  tar  cold  after 
thinning  it  with  tar  oils,  and  in  order  to  avoid  the  labor  necessary 
for  sweeping  and  spreading,  a  number  of  machines  have  been 
invented  to  spray  the  tar  on  the  road  under  pressure.   These  meth- 

FlG.  18. 


Power  tar-spraying  machine. 

ods  come  under  the  second  heading,  and  are  known  in  general 
as  "  tar  painting."  The  preliminary  sweeping  need  only  remove 
the  larger  particles  of  debris  as  the  pressure  of  the  tar  forces  it 
through  the  dust.  The  uniformity  of  the  machine's  action 
allows  a  very  much  smaller  quantity  of  tar  to  be  used  and  yet 
secure  a  continuous  coating,  while  the  brooming  afterwards  is 
entirely  done  away  with ;  moreover,  the  work  is  done  about 
twenty  to  thirtv  times  as  rapidly,  thus  enabling  more  work  to 
be  done  during  the  most  suitable  season.  This  method  has  been 
widely  used  in  England  with  both  coal  gas  tar.  and  almost  en- 
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tirely  now  with  water  gas  tar.  and  has  given  generall}-  satis- 
factory resuhs. 

The  machines  in  use  are — 

Aitkens  Pneumatic  Tar  Sprayer  is  the  in\enton  of  Mr.  T. 
Aitken,  County  Surveyor  of  Cupar-Fife  in  Scotland.  It  is  made 
in  two  forms,  one  with  steam  drive  and  the  other  for  horse- 
power. 

Pumps  geared  to  the  wheels  compress  the  tar  to  a  pressure  of 
100  to  150  i)Ounds  wlien  it  is  atomized  with  air  under  a  i)ressure 

FiCt.  10. 


Spreading  and  rolling  screenings. 

of  100  to  150  pounds  in  nozzles,  into  the  road  surface.  The 
power  machine  has  steam  coils  so  that  the  tar  may  be  heated, 
but  with  the  horse-drawn  vehicle  the  tar  must  be  used  cold  or 
heated  before  being  put  into  the  tank.  The  Tarspra  discharges 
the  tar  under  a  pressure  of  200  pounds,  and  has  pumps  to  keep 
up  this  pressure  and  the  delivery  of  the  tar  constant.  These 
machines  are  now  made  by  the  taroads  Syndicate  of  London, 
England.  There  are.  of  course,  a  number  of  other  machines, 
but  these  seem  to  be  the  most  important. 

The  introduction  of  these  machines  has  enormously  increased 
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the  use  of  tar  for  road  treatment  in  England,  and  1  Ijelieve  that 
it  would  be  of  equal  benefit  here,  as  it  does  away  with  a  great 
deal  of  labor  and  applies  the  tar  quickly  and  economically. 

To  better  adapt  the  application  of  tar  to  the  rougher  surfaces 
of  our  American  roads,  the  third  method  has  been  evolved  and 
which  seems  to  give  the  best  results  under  our  conditions.  The 
work  is  all  done  exactly  as  under  the  first  method,  except  that  a 
considerably  hea\ier  refined  grade  of  tar  is  used,  that  has  more 
body  and  greater  binding  properties,  and  it  is  applied  about  twice 
as  heavilv.  Then,  instead  of  sand,  a  lioht  coatino-  of  clean  sftavel 
or  fine  stone  chips  is  ptit  on,  and  the  whole  surface  is  rolled  with 
a  road  roller.  This  treatment  renews  the  wearing  surface  and 
fills  the  voids  made  by  sweeping-  very  much  better  than  the 
sanding,  while  it  also  Cfrom  the  heavier  tar  used  and  greater 
quantity ")  seems  to  penetrate  more  deeply,  and  its  efi^ect  is  more 
lasting.  It  sticceeds  best  on  ]\Iacadam  roads.  It  is  practically 
mud-proof;  absolutely  free  from  road  dust;  apparently  proof 
against  very  heavy  motor  traffic,  and  under  American  condi- 
tions is  by  far  the  most  satisfactory  surface  treatment.  Its  cost, 
however,  is  very  much  higher  than  either  of  the  two  other 
methods.  In  this  connection  it  will  be  considered  later  with 
respect  to  other  methods. 

Considering  now  some  of  the  details  regarding  the  proper 
quantities  of  materials  necessary,  we  find  that  they  are  dependent 
almost  entirely  on  the  condition  of  the  surface  to  be  treated, 
and  they  mav  be  tabulated  as  follows : 

MATERIALS. 


Tar  gals. 


Per  sq.  yd. 

Method  Xo.  i.  Smooth  roads 20— .30 

Rough  roads 30 — .40 

Method  No.  2.  Smooth  roads 12 — .  i  5 

Rough  roads 15 — .  25 

Method  Xo.  3,  Smooth  roads p^^ — .45 

Rough  roads 4  5 — .  6  5 

Gravel  roads 60 — .  70 

In  general,  a  road  when  slightly  damp  will  not  absorb  one- 
half  the  tar  that  it  will  when  thoroughly  dry,  and  the  same 
holds  with  a  1)adlv  swei)t  road.  rira\el  \\\\\  take  more  tar  than 
Macadam. 


Sand  tons. 

Screenings. 

Per  sq.  yd. 

Tons  persq.yd. 

.  006 

.009 

.003 

.  00^ 

. 010 — . 015 

.015— .025 

.025 — .030 
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in  the  selccliun  of  the  lar  for  use  as  a  surface  coaling-,  we 
must  consider  the  conditions  and  tlie  resuUs  that  are  desired. 
The  first  method  was  developed  to  utiHze  a  dehydrated  coal  tar, 
and  this  seems  to  serve  the  [)urpose  quite  well  as  it  is  intended  not 
only  to  lay  the  dust  but  to  serve  as  a  waterproof  coating-  for  the 
road,  but  it  was  not  expected  that  it  should  last  more  than  one 
season,  and  the  plan  now  seems  to  be  to  give  two  treatments 
a  }ear.  The  tar  should  then  have  a  fair  bod}-,  and  be  free  from 
ammoniacal  liquor,  as  this  prevents  a  proper  penetration  and  has 
a  disintegrating-  effect  on  the  coating"  after  being"  applied.  Free- 
dom from  carbon  is  another  advantageous  characteristic,  as  it  is 
the  excess  of  free  carbon  that  undoul^tedly  causes  the  black  mud 
formation  in  winter. 

In  the  second  method  coal  tar  thinned  with  tar  oils,  creosote 
oil  or  mixed  with  resin,  or,  best  of  all.  water  gas  tar,  seems  to 
have  given  the  best  results.  Here  the  principal  effect  desired 
is  the  dust  laying,  and  as  a  numl)er  of  coats  are  a]:)plied  per 
season  the  tar  does  not  rec[uire  much  body. 

For  the  third  process,  which  is  expected  to  be  very  much  more 
permanent,  and  which,  moreo\er,  is  required  to  act  as  a  matrix 
not  only  for  the  road  metal  proper  but  also  for  the  surface  layer 
of  screening",  a  much  heavier  bodied  tar  is  required.  The 
material  generally  used  for  this  purpose  has  been  a  dehydrated 
coal  tar  with  nearh-  all  the  light  oils  (that  is,  up  to  392^  F.) 
removed,  and  sold  under  the  trade  name  of  Tarvia  in  this 
country,  and  Claires'  Tar  Comp.  in  England.  Din'ing  the  past 
year  compounds  made  from  water-gas  tar  have  been  success- 
fully used. 

There  are  se\"eral  patented  foreign  preparations  for  use  in 
tarring"  roads.  Among  them,  and  probably  the  most  widelv 
used,  is  Claire's  Tar  Comp.,  a  dehydrated  coal  tar  preparation 
very  similar  to  the  American  Tarvia :  Solidified  Tar,  made  by 
Tar  Patents  Co.,  of  London,  is  simply  coal  tar  dehydrated  and 
treated  with  4  to  5  per  cent,  of  H\,  SO4 ;  Marbit,  prepared  by 
T.  E.  Marriott,  of  Glasgow,  is  crude  coal  tar  and  a  specially 
prepared  natural  bitumen  which  are  mixed  and  immediately 
applied. 

The  advantages  of  the  surface  treatment  with  tar  prepara- 
tions are,  in  general,  as  follows:  (i)  Freedom  from  dust. 
(2)    Protection  of  the   road   surface   from  motor  trafific.      (3) 
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Lengthening  of  life  of  surface  by  \valerprooling  effect  of  tar. 
(4)  More  resilient  surface  for  horses.  (5)  Freedom  from 
surface  wash,  and  less  clogging  of  drains. 

There  are,  however,  a  number  of  objections  that  ha\'e  been 
urged  against  its  application,  particularly  by  the  first  two  meth- 
ods; this  is  using  crude  coal  tar  or  tar  painting  with  water  or 
coal  tar  with  machines.  When  a  heav}-  rain  follows  an  appli- 
cation of  crude  coal  tar  or  tar  painting,  it  has  been  found  in 
some  cases  that  fish  in  neighboring  streams  have  been  killed  by 
the  tar  oils.  This,  of  course,  does  not  apply  to  the  heavier  tars 
used  in  the  third  method.  The  tarred  roads  have  in  some  cases 
churned  badly  in  winter,  forming  a  very  disagreeable  black  slimy 
mud.  This  dries  out  and  the  road  regains  its  former  appearance 
Avith  dry  weather.  This  is  not  so  noticeable  when  water-gas  tar 
has  been  used,  which  is  low  in  free  carbon  and  is  less  noticeable 
on  road  surfaces  that  are  kept  free  from  traffic  debris ;  this  does 
not  apply  to  the  third  method.  It  has  been  found  that  with  "  tar 
painting  "  the  surface  does  not  stand  skidding  on  curves. 

The  most  important  objection,  however,  is  that  lately  brought 
up  in  Paris,  where  it  was  claimed  that  a  number  of  trees  had 
been  killed  by  the  tar  used  on  the  roads  in  the  Bois  de  Boulogne, 
and  that  on  this  account  they  were  going  to  discontinue  its  use. 
In  fact,  an  article  appeared  in  the  September  Engineering  Record, 
which  said  that  it  had  been  decided  not  to  tar  on  this  account  dur- 
ing the  next  season  the  seven  main  suburban  roads  leading  out 
of  Paris. 

A  considerable  amount  of  discussion  has  resulted  from  these 
statements,  and  the  English  Surveyor  and  Municipal  Engineer 
sent  out  a  circular  letter  to  all  the  county  surveyors  in  England 
who  had  tarred  roads,  asking  for  their  experiences.  In  general, 
there  was  not  a  single  instance  where  any  damage  to  trees  or 
to  shrubs  could  be  directly  charged  to  tarring  the  roads.  Dr. 
Guglieminetti,  who  is  probably  the  foremost  authority,  ridiculed 
the  whole  affair.  He  admitted,  however,  that  there  were  several 
delicate  plants  that  did  not  seem  to  bloom  when  planted  close  to 
roads  used  for  fast  motor  traffic,  that  had  been  tarred.  He 
advised  that  hardier  flowers  be  used,  and  this  has  been  done. 
The  question  was  brought  up  at  the  International  Road  Con- 
gress, and  the  authorities  in  charge  of  the  Bois  de  Boulogne 
denied  that  any  trees  had  been  directly  injured  by  the  tar,  but 
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they  did  ha\c  irouble  with  some  iiovvers.  Aloreover,  the  Con- 
gress went  on  record  as  favoring  the  use  of  tar. 

It  should  also  be  remembered  in  this  connection  that  tar  has 
been  used  for  years  in  treating  parasitic  diseases  of  plants  and 
trees,  without  any  evil  effects  resulting  from  its  use.  Again,  we 
know  that  crude  water-gas  tar  is  very  successful,  according  to 
Mr.  Waring-,  of  Omaha,  in  preventing  the  growth  of  grass  and 
weeds  in  roads  where  it  has  been  applied. 

1  feel  that  with  both  crude  coal  and  water-gas  tar  there  may 
be  some  danger  if  they  are  used  in  excess  by  the  first  two  methods 
but  I  do  not  believe  that  there  is  anything  to  be  feared  from 
the  use  of  the  heavier  grades  of  refined  tars  used  in  the  third 
method,  as  no  damage  by  this  method  has  been  reported  publicly, 
nor  has  considerable  inquiry  revealed  any  existing. 

The  use  of  tar  as  a  surface  treatment  is  by  far  the  most 
effective  method  for  controlling  the  dust  and  preserving  the  road 
surface  from  motors,  particularly  when  a  heavy  refined  tar  is 
used  and  a  sufficiency  of  screening  is  rolled  in,  thus  obviating  the 
objections  which  have  been  raised  to  the  first  two  methods 
mentioned. 

It  seems  to  give  good  results  with  varying  road  surfaces, 
but  succeeds  best  with  Macadam  in  good  original  condition. 

However,  any  surface  treatment  must  be  looked  upon  as 
merely  a  palliative,  and  it  is  not  a  preventative  in  the  true  sense 
of  the  word,  so  that  some  more  permanent  treatment  or  method 
of  construction  is  required. 

INCORPORATING  TARS  IN  THE  MATERIAL  OF  THE  ROAD. 

The  failure  of  the  surface  treatment  to  stand  the  strain  of 
heavy  motor  traffic,  especially  on  curves,  and  the  desire  for  a 
more  permanent  road  construction,  led  to  the  revival  of  the  use 
of  the  so-called  tar  Macadam,  which  is  a  Macadam  construction 
with  the  upper  two  to  four  inches  of  the  stone  embedded  in  a 
matrix  of  tar  rather  than  the  usual  one  of  cementing  rock 
powder.  This  is  laid  by  coating  the  stone  with  tar  before 
spreading  and  rolling. 

It  was  apparently  used  at  Nottingham,  Eng..  about  1840, 
and  at  Sheffield  in  1845.  It  was  introduced  in  Paris  about  1854, 
Knoxville,  Tenn.,  about  1866.  The  important  use  of  it  in  street 
paving  came  about    1871,   when  the   Snow  and   Davis  patents 
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were  graiiletl.  These  required  the  use  of  H2SO4  to  harden 
the  tar  used.  The  F'ilbert  Vulcanite  Paving  also  used  a  harden- 
ing- material.  From  1871  to  1878  about  750,000  square  yards 
of  this  form  of  pa\'ing  was  laid  in  Washington,  with  the  follow- 
ing results : 

20  per  cent,  failed  within  2  to  3  years. 
30  per  cent,  lasted  7  years. 
41  per  cent,  lasted   15  years. 

4.9  per  cent,  lasted  20  years. 

1.2  per  cent,  lasted  30  years. 
Giving  an  axerage  life  of  12  j-ears. 

In  1877  machine  mixing  was  introduced  with  improved 
results,  and  the  same  year  it  began  to  be  used  at  Stratford,  Ont., 
1881  Hamilton,  Ont.,  used  it  with  conspicuous  success;  1886  the 
influence  of  the  asphalt  companies  caused  its  abandonment  in 
Washington.  In  1887  it  was  used  at  Ann  Arbor.  Springfield, 
and  Topeka.  From  1890  to  1894  a  great  deal  was  laid  at  Barre. 
\T.,  Pawtucket,  R.  I.,  St.  Johnsbury,  \'t..  and  Littleton.  \T. 
In  1898  Woods\'ille.  \T..  used  it  successfully.  In  1901  the 
A\'arren  Bitulithic  paving  was  patented,   and  was  widelv  used. 

The  subject  now  assumed  more  importance  from  the  advent 
of  the  motor  car  and  the  necessity  of  more  durable  road  treat- 
ment, and  various  modifications  of  the  use  of  tars  or  oils  in 
impregmating  the  upper  wearing  surfaces  of  roads,  were  evolved. 

The  California  method  of  constructing  dirt  roads  was  used 
about  1903.  and  was  patented  Ijy  the  Petrolithic  Co.  The  Wafs- 
worth  .system,  using  rock  asphalt,  was  brought  out  in  1905.  The 
Glad  well  system  was  first  used  in  1906,  and  the  Imperial  road 
was  patented  the  same  year.  In  1907  crude  residue  molasses  was 
used  at  Newton,  JMass. 

There  have  been  so  man\-  \ariations  introduced  into  the 
construction  of  roads,  with  this  general  principle,  that  we  will 
include  all  construction  where  the  upper  layers  of  the  surfacing 
are  saturated  or  coated  with  a  l)ituminous  substance,  under  this 
heading,  and  di\-ide  them  into  four  classes:  ( i)  Wdiere  the 
material  is  first  coated,  then  spread  on  the  surface  and  rolled. 
Including  Bitulithic,  Tarmac,  Gladwell  system.  (2^  Where  the 
materials  are  coated  in  layers  in  situ,  so-called  penetration  system. 
(3)  \\niere  the  upper  surface  is  harrowed,  the  oils  worked  in 
bv  mixing  in  the  surface.  The  California  system  including 
Petrolithic  and  Imperial  systems.  ('4)  The  use  of  rock 
asphalts. 


I  )k\  i:i.(»i'Mi-:xT  OF  MoDKKX   Road  Surfaces. 


275 


In  o-eneral,  tar  Macadam  is  laid  as  a  wearing  surface^  on 
any  well  drained  and  compacted  foundation:  an  old  road  surface 
mav  l)e  used,  but  usually  a  Telford,  or  preferably,  a  regular 
^^la'catlam  foundation  is  built  up  and  the  top  2  to  3  inches,  or 
wearing-  surface,  is  made  of  the  bituminous  mixture. 

The  hrst  method  by  mixing  is  the  earliest,  and  still  seems  to 
give  the  best  results,  Imt  at  a  considerably  higher  cost.  The 
principal  object  is  to  insure  that,  each  particle  of  stone  shall  be 

Fin.  20. 


Mixing  tar  Macadam. 

evenly  and  completely  covered  with  the  bituminous  compound. 
This  requires  that  the  stone  shall  be  dry  and  warm  and  well 
turned  in  contact  with  the  tar  mixture. 

The  earlier  engineers  heaped  the  stone  on  alternative  layers 
with  coke  and  breeze,  and  fired  them  after  the  manner  (jf  a  lime 
kiln,  then  spread  tar  over  the  whole  mass  and  turned  it  like 
concrete.  This  resulted  in  overheating  some  of  the  stone  and 
burning  the  tar.  Later  the  stone  and  tar  were  heated  separately 
and  mixed  in  hot  iron  plates,  by  hand,  but  machine  mixing  is  now 
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used  in  all  large  pieces  of  work  with  the  constituents  separately 
heated. 

The  method  in  use  at  ShetTheld,  Eng.,  where  tar  Macadam  has 
been  in  use  over  40  years,  is  as  follows : 

On  a  Macadam  foundation  they  put  a  one-stone  layer  of  2^ 
inches  limestone,  and  a  one-stone  layer  of  i^  inches  slag,  both 
tarred  with  a  mixture  of  no  gallons  of  tar  boiled  2  hours,  with 
125   pounds  pitch,   used  at  th^   rate  of    13  gallons  per  ton  of 

Ftg.  2  I. 


Spreading  and  rolling  tar  Macadam. 

aggregate.  A  top  coat  34  inch  of  a  mixture  of  3^2  ii'ich  tine 
stone  and  V2  inch  slag,  tarred  with  17.5  gallons  of  the  mixture 
per  cubic  yard  is  put  on.  and  the  whole  rolled  until  it  is  4  inches 
thick.  A  light  coating  of  clean  ]/2  inch  limestone  chips  is  spread 
on  the  surface  and  rolled  in. 

The  method  used  successfully  at  Hamilton.  Ont.,  requires 
a  6-inch  Telford  foundation  with  6-inch  chamber,  voids  filled 
with  smaller  stones  and  well  rolled.  A  layer  of  tarred  2^  inches 
stone  is  put  on.  and  voids  filled  with  tarred  gravel :  then  a  layer  of 
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tarred  2  inches  stone  is  rolled  in.  The  top  dressing  is  comiX)sed 
of  two-tliirds  sharp  hne  gravel  and  one-third  stone  dust,  mixed 
with  25  gallons  of  tar  per  cubic  yard.  This  is  put  on  about  >^ 
inch  deep,  and  after  thorough  rolling,  is  covered  with  fine  dry 
stone  dust  and  rolled  again. 

At  Newton,  Mass..  during  1908,  the  Office  of  Public  Roads 
put  on  a  surface  coating  that  seemed  to  give  very  good  results, 
and  which   withstood  the  past   winter  very   successfully.     The 

Fig.  22. 


Finished  surface,  Newton,  Mass. 

old  surface  was  picked  up  witli  a  road  roller  and  brought  up  to 
crown  with  Xo.  2  stone,  and  carefully  rolled.  A  one-stone  layer 
of  No.  I  stone  was  then  spread  on  the  surface  and  rolled  care- 
fully with  a  20-ton  roller.  About  214  inches  of  a  tarred  aggre- 
gate composed  of  960  pounds  of  i^  to  >4  ii^ch  stone,  350  pounds 
of  }i  inch  dust  stone,  and  6  gallons  of  the  bituminous  binder, 
on  one  portion  of  this  work,  a  water-gas  tar  compound  made 
by  my  company,  was  used.  This  aggregate  was  mixed  hot  like 
concrete,  and  after  spreading  was  lightly  rolled  once.      After  5 
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to  6  hours  it  was  gix'eii  two  trips  of  the  roher,  and  the  next  day 
enough  crushed  grit  or  tarred  sand  was  put  on  to  fill  the  surface 
voids,  and  the  whole  surface  thoroughly  rolled  with  a  20-ton 
roller.  The  road  has  the  appearance  of  sheet  asphalt,  especially 
on  the  section  where  tarred  sand  was  used  as  a  top  dressing-;  hut 
it  gixes  a  better  footing  and  does  not  cause  skidding  in  wet 
weather. 

In  TQOi  F.  Warren  patented  a  combination  of  graded  broken 
stone  and  dust  of  different  sizes,  mixed  with  a  Ijituminous  cement, 
so  that  the  stone  mixture  should  have  a  very  low  percentage  of 
voids.  His  original  patent  used  six  sizes  of  stone  in  varying 
proportions. 

70  per  cent,  of  stone  passing    3    inches  and  on   \  inch, 
20  per  cent,  of  stone  passing    !.    inch      and  on  y^j  inch. 

4  per  cent,  of  stone  passing   /,j  inch      and  on  ^\  inch. 

3  per  cent,  of  stone  passing   -^V  inch      and  on  sVi  inch. 

3  per  cent,  of  dust  passing   ^V  inch. 

I  per  cent,  of  dust  passing  .t^j  inch. 

One  hinidred  parts  of  this  mixture  heated  and  mixed  with  six 
parts  of  bituminous  cement.  His  argument  was  that  such  a 
mixture  required  the  minimum  amount  of  cementmg  material, 
which  could,  therefore,  be  made  quite  soft  and  have  a  longer  life. 
Pie  has  since  reduced  the  number  of  sizes  of  stones  required  and 
made  some  other  improvements.  Owing  to  the  care  used  in  select- 
ing, mixing,  and  laying,  and  in  the  uniform  quantity  of  the 
bituminous  cement,  the  work  done  by  the  Warren  or  affiliated 
companies  has  given  excellent  satisfaction. 

The  extended  use  of  tar  ^Macadam  in  England  has  brought 
out  a  number  of  patented  preparations.  Tarmac  was  the  earliest, 
and  was  in^•ented.  if  it  can  be  so  called,  by  E.  P.  Hooley,  Sur- 
v^eyor  of  Nottingham.  It  is  now  supplied  by  the  Tarmac  Co., 
of  Ettingshall,  near  Birmingham.  1dn's  is  blast-furnace  slag 
boiled  in  a  tar  pitch  mixture  and  seasoned.  It  is  prepared  read\' 
for  rolling,  and  has  been  very  widely  used  throughout  England. 
The  slag  is  carefully  selected  and  graded  so  that  the  best  results 
ma^'  be  obtained.  Tarfaat  is  a  top  dressing  made  of  tarred 
powdered  slag.  Tarlithic  and  Granite  are  prepared  mixtures  of 
granite  tarred  and  ready  for  spreading. 

In  this  countrv  the  Sarco  Road  Compound  (apparently  a 
"  blown  oil  "  mixture )  has  l)een  exploited  for  this  purpose,  and 
an  extended  trial  was  made  on  one  of  the  Chicago  Boulevards 
during    igoS. 
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Anotlier  patciiled  compound  \\1iicli  i^ives  i)roniisc  of  success 
is  a  preiJared  top  dressini;-  known  as  ■"  Amiesite."  This  consists 
of  crushed  stone  coated  cold  at  the  quarrx'  with  a  liot  mixture  of 
60  per  cent.  soHd  asphalt  and  40  per  cent,  of  a  heavy  asphalt  oil. 
The  mixing-  is  done  in  a  concrete  mixer  and  after  the  stones  are 
coated  about  half  a  bushel  of  slacked  lime  is  added  to  each  cubic 
yard,  ^^■hen  this  is  worked  in  half  a  peck  of  dampened  sand 
is  added.  The  addition  of  the  dampened  sand  prevents  the 
])artic!es  of  stone  from  adliering'  and  enables  it  to  be  handled  very 
easily. 

Fic.  2^,. 


Bitulithic  pavement,  'Wilfnington,  Del. 

The  prepared  mixture  is  spread  on  the  clean  Macadam 
foundation  about  4  inches  in  depth  and  after  a  thorough  rolling 
is  ready  for  travel.  Several  experimental  pieces  of  this  road 
have  been  laid  near  Camden,  N.  J. 

In  general,  it  seems  to  cost  from  25  to  33  per  cent,  more  to 
lay  tar  Macadam  bv  the  mixing  method  than  ordinary  ]\Iacadam. 
but  it  .should  ha\e  from  two  to  five  times  as  long  a  life. 

A  variation  of  this  general  method  is  the  Gladwell  system, 
brought  out  b}-  Mr.  A.  Gladwell.  Eaton.  Eng.  It  was  first  used 
during  1906  at  Stoke  Poges. 

The  old  surface  is  carefully  swept  clean,  and  a  -K^-inch  layer 
of  ^T4-inch  tarred  granite  chips  are  carefully  and  evenly  spread 
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on.  It  is  then  covered  with  a  two-stone  layer  of  2j/4-inch  dry 
crushed  stone,  free  from  dust  and  chips.  A  Hght  steam  roller  is 
now  very  slowlv  run  over  the  surface  to  press  the  stones  down 
into  the  tarred   matrix   and   to  clraw  the  latter  up  to  surface. 


Fig. 


24- 


La>nng  Amiesite.  Camden  Co.,  X.  J. 

When  the  binder  is  seen  working  up  to  the  surface  a  light  layer 
of  the  tarred  chips  is  spread  over  the  top  and  brushed  into  the 
voids,  the  rolling  is  continued  until  the  finished  thickness  is  2^)4 
to  3  inches  thick,  and  the  surface  is  compact.  About  one-sixth 
of  a  gallon  of  hot  tar  compound  is  sprayed  or  brushed  over  the 
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surface,  and  covered  with  }i  of  an  incli  of  clean  dry  granite  or 
trap  screenings,  followed  by  a  roller.  It  is  estimated  that  this 
method  would  cost  20  per  cent,  more  than  the  ordinary  Macadam 
in  the  United  States. 

In  an  endeavor  to  find  a  cheaper  method  of  building  a  surface 
resembling  that  made  by  the  mixing  process,  the  so-called  i^ene- 
tration  process  was  used.  This  consists  of  saturating  the  dif- 
ferent layers  of  stone  composing  the  wearing  surface  after  they 

Fig.  25. 


Aniiesite,  Magnolia,  X.  j. 

have  been  placed  on  the  road,  by  spraying  or  sprinkling  the  binder 
on  them.  This  method  was  used  as  early  as  1856-60  at  Weston- 
3uper-Mere  in  England,  but  it  did  not  attain  much  importance 
until  it  was  brought  out  by  Mr.  Thos.  Aitken  in  connection 
with  his  pneumatic  spraying  machine,  for  which  purpose  it  is 
said  to  be  eminently  adapted. 

The  general  method  is  to  build  up  the  road  in  the  usual  man- 
ner, except  that  no  water  is  used  in  rolling;  then  just  before  the 
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binder  course  of  fine  gravel  or  screening's  is  applied,  the  surface 
is  sprayed  with  the  hot  tar  compound  from  a  machine.  The 
pressure  used  secures  a  penetration  of  from  2  to  3  inches.  The 
layer  of  gravel  is  now  rolled  in.  and  the  surface  pores  are  filled 
with  another  light  coat  of  tar.  followed  by  dry  screenings  and 
rolling.  The  maximum  binding  value  from  the  smallest  quantitv 
of  tar  is  obtained  at  a  minimum  labor  cost.  The  quantity  of 
tar  used  per  square  yard  of  course  varies  according  to  the  stone 
used  and  the  traffic  expected,  but  is  iisuallv  at  the  rate  of  from 


Tar  Macadam  by  penetration,  Wilmington.  Del. 


.7  to  i.o  gallons  per  square  }-ar(l.  In  England  it  costs  from  2  to 
4  cents  per  square  yard  for  this  method  over  the  ordinary 
Macadam,  while  here  it  would  probably  run  from  6  to  8  cents. 
A  number  of  experimental  pieces  of  road  have  been  laid  by 
the  penetration  method  around  Boston.  At  Xewton.  ?klass..  thev 
pick  up  the  surface  to  a  depth  of  from  2  to  3  inches,  harrow  it. 
dress  up  to  crown  with  No.  i  and  Xo.  2  stone,  and  roll.  Sprinkle 
I  to  1.3  gallons  of  hot  tar  compound,  and  tnen  spread  on  a  light 
coat  of  screening  and  roll.      The  Metropolitan  Park  Commission 
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buill  a  sirclcli  of  road  cspccialK-  for  nujlor  traffic,  as  follows: 
On  a  reg'iilar  Alacadani  foundation.  4  inches  of  Xo.  i  stone,  with 
a  little  tine  gravel  as  a  hinder,  is  rolled  in.  Four  inches  of  gravel 
is  then  spread  on  and  1.3  gallons  of  asphaltum  base  oil  is 
sprinkled  on  it:  a  light  coat  of  gravel  is  put  on  to  absorb  the 
stn"plus  oil.  and  the  whole  is  thorough]}-  rolled.  Mr.  lUanchard. 
of  Rhode  Island,  made  some  experiments  willi  this  method,  but 
he  did  not  have  the  proj^er  facilities  for  spreading  the  tar.  so  that 
his  results  were  n(3t  satisfactor_\-  owing  to  the  necessitv  of  using 
too  much  tar. 

Fig.  27. 


Liquid  asjjhalt.  Blackwood.  X.  J. 


Considerable  work  has  been  done  in  New  Jersey  with  a  so- 
called  "Liquid  Asphalt."  a  lieavy  asphaltic  base  oil  containing 
8<2  per  cent,  of  asphalt  oils.  The  oil  was  applied  to  the  com- 
pacted I  ^2-inch  course  before  the  binder  was  applied.  The 
^-inch  binder  and  screening  were  then  put  on  and  rolled  in. 
This  road  gave  great  promise  up  to  the  earlv  part  of  this  spring 
when  with  the  coming  of  the  warm  weather  the  surface  ravelled 
considerably  and  thev  are  now  apph'ing  a  top  dressing  of  gra\'el. 
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IXCORPORATING    OILS    INTO    THE    ROAD    SURFACE. 

The  peculiar  climatic  and  soil  conditions  of  California  have 
developed  methods  for  the  construction  of  l)oth  earth  and  stone 
roads  that  are.  in  general,  somewhat  similar  to  a  tarred  Macadam, 
in  that  they  surround  the  particles  with  a  binder.     When  oil  was 

Fig.  28. 


Petrolilhic  rolling  laiiiper. 

first  used,  they  found  that  the  surface  application  did  not  secure 
sufficient  penetration  for  the  best  results,  so  other  methods  of 
incorporating  the  oil  were  devised.  In  Yolo  County  the  road 
surface  is  cut  out  to  the  desired  cross  section  with  an  8-inch 
crown,  and  a  hard  even  base  is  secured  free  from  weak  spots. 
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About  1  gallon  of  oil  per  square  yard  is  now  put  on,  ami  the 
earth  that  was  cut  out  is  returned  to  a  depth  of  4  to  5  inches. 
This  is  then  rolled  and  travel  is  permitted.  As  the  oil  works 
to  the  top,  a  grader  and  drag  are  run  over  the  surface,  and  more 
soil  is  brought  on.  This  is  repeated  tmtil  the  oil  fails  to  work 
out,  and  results  in  a  verv  cheap  construction,  costing  only  $150 
per  mile. 

Fig.  29. 


Tamping — Imperial  construction. 


The  Petrolithic  system  of  building  roads  was  started  about 
1903,  and  was  a  development  of  the  earlier  systems.  In  Santa 
Monica,  Cal.,  the  system  is  as  follows:  After  grading,  the 
surface  is  plowed  4  inches  deep  with  a  turning  plow,  clods  are 
pulverized  and  the  surface  is  cultivated  and  harrowed  until  it  is 
of  a  uniform  consistency.  About  i  gallon  per  square  yard  of  hot 
asphalt  base  oil  of  12  to  15°  B..  and  containing  not  less  than 
70  per  cent,  of  D  grade  asphalt,  is  put  on.  If  the  soil  is  light  or 
.•^andy,  .15  gallon  more  is  put  on.  This  is  thoroughly  cultivated 
and  harrowed  in,  and  another  coat  at  the  same  rate  is  put  on. 
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Tlie  surface  is  then  uinied  under  with  a  4-inch  plow  and  thor- 
oughly harrowed  along  the  length  and  diagonally.  It  is  then 
cultivated  to  an  even  grade  and  sprinkled.  A  rolling  tamper  is 
then  applied;  this  weighs  about  1500  pounds,  and  has  iron  pins 
set  in  its  surface  about  7  inches  long  with  heads  about  2x3 
inches.  There  are  fifteen  pins  arranged  in  12  rings,  or  180  in 
all.  This  is  run  over  the  road  until  it  is  thoroughly  compacted 
to  within  an  inch  of  the  surface.     About   1V2   to  2   inches  of 


Fig. 


3°- 


Imperial — putting  on  stone  surface,  Westville,  N.  J. 

gravel  is  spread  on  the  road  and  mixed  carefully  with  the  surface 
soil,  and  from  i  to  1.5  gallons  of  hot  oil  are  sprinkled  on.  The 
surface  is  again  harrowed  and  then  tamped  until  it  is  solid.  A 
verv  light  layer  of  fine  gravel  is  put  on.  and  the  surface  is 
smoothed  with  an  ordinary  steam  roller. 

A  verv  similar  type  of  road  is  1)eing  exploited  under  the 
name  of  Imperial  Paving;  this  is  laid  under  the  patent  Xo. 
833051,  granted  in  1906. and  in  general  they  ])low  up  the  original 


1)e\'ei.()1'.mkxt  of   AloDKRX   Road   Si'kiaces. 


287 


surface,  stones  or  dirt,  harrow  it.  applv  the  binder,  an  asphalt 
oil  under  40  pounds  pressure,  harrow  a^ain  and  compact  witli  a 
rolling-  tam])er.  which  consists  of  a  number  of  toothed  disks  in 
a  shaft,  the  teeth  l^eing  about  4  inches  deep.  The  roller  weighs 
3  tons.  This  tamping  is  continued  until  the  whole  surface  is 
liard.  Gravel  or  stone  chips  are  put  on.  and  the  surface  smoothed 
\\\\h   a   ten-ton    steam   roller.      Some   of  these   roads   in   Kansas 

Fig.  -, I. 


White  road-oiling  machine. 


City,  AIo.,  have  been  very  satisfactory,  but  generallv  this  tvpe 
■of  construction  has  not  been  very  successful  under  our  Eastern 
climatic  conditions. 

Several  useful  forms  of  machinery  have  been  developed  m 
connection  with  the  use  of  oil  in  road  building  that  might  ser\'e 
a.  useful  ])ur])ose  with  tar.  The  White  oiling-  machine  has 
Tilready  been  mentioned.  This  has  a  large  number  of  openings 
that  are  controlled  In-  lexers  in  sections  18  inches  long,  so  that 
18  inches  or  any  multiple  of  this  width  can  be  treated  or  cut  off 
))y  the  operator.     Tiie  DeCamp  machine  is  adapted   for  oiling 
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dusty  roads.  It  has  three  sets  of  plungers  similar  to  a  corn 
planter.  It  opens  a  furrow,  puts  the  oil  at  its  base,  covers 
it  up  and  then  stirs  it.  The  White  Sanding  machine  distributes 
an  even  layer  of  sand  in  a  road  surface.  It  uses  an  apron  feed 
geared  with  the  wheels,  the  depth  of  sand  on  which  can  be  ac- 
curately regulated. 

Related  to  this  construction  is  the  use  of  oil  in  consolidating- 
sand  roads.  This  was  successfully  tried  in  ^^lassachusetts  in 
1905-6.  The  surface  was  dressed  up  and  .75  gallon  per  square 
yard  was  put  on  at  180°  F.  and  allowed  two  weeks  to  be  absorbed  ; 
•75  gallon  more  were  put  on  and  the  surface  was  harrowed, 
rolled,  and  sprinkled  lightly  with  sand.  The  next  year  .76 
gallon  per  square  ^-ard  was  put  on.  and  about  .0024  ton  per  square 
yard  of  stone  screening-  was  rolled  in.  The  surface  is  said  to  be 
very  good,  and  the  cost  was  27.76  cents  per  square  yard. 

During  1908  the  Office  of  Public  Roads  made  an  experiment 
on  a  Gumbo  clay  road  at  Independence,  Kan.,  using  an  artificial 
asphalt.  It  was  found  difficult,  however,  to  make  the  soil  absorb 
the  asphalt  satisfactorily,  but  this  might  have  been  avoided  pos- 
sibh^  to  some  extent  by  cutting  back  the  preparation  with  a  crude 
oil  to  reduce  its  viscosity. 

In  general.  I  do  not  believe  from  the  results  so  far  obtained, 
that  the  methods  using  the  asphaltic  base  oils  will  ever  achieve 
complete  success  in  this  latitude,  owing  to  the  fact  that  the 
binder  in  the  surface  course  seems  to  lose  its  life  after  a  winter's 
exposure  to  the  alternate  hail,  snow,  heat,  and  cold  of  the  climate 
in  this  latitude. 

A  method  accomplishing  much  the  same  results  as  tar 
Macadam,  is  the  use  of  natural  asphalt  rock  from  Kentucky,  and 
applied  under  the  trade  name  of  W^adsworth  Macadam.  This 
M'as  first  used  commercially  in  Kentucky  in  1905.  The  specifi- 
cations recommended  by  the  distributors  of  the  asphalt  rock  are 
as  follows:  "Shape  and  roll  the  dirt  bed  thoroughly  as  if  a 
regular  Macadam  or  asphalt  pavement  were  to  be  constructed. 
Next,  place  and  roll  a  6-inch  layer  of  good  crushed  stone,  about 
25^-inch  size.  Then  spread  a  2-inch  layer  of  2-inch  stone,  and 
on  this  second  layer  of  stone,  before  same  is  rolled,  spread  an 
inch  of  Kentucky  rock  asphalt,  and  after  again  thoroughly  roll- 
ing, the  road  is  ready  for  traffic." 

The  Office  of  Public  Roads  in  1907  made  an  experiment  with 
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this  material  at  Bowling  Green,  Ky.  The  road  had  an  8-inch 
gravel  surface  over  a  Telford  foundation;  this  surface  was  spiked 
up  to  a  depth  of  4  inches,  and  brought  to  a  camber  of  ^  inch  to 
the  foot  by  removing  the  excess  gravel.  This  subgrade  was  care- 
fully rolled.  Four  inches  of  i^-  and  i-inch  stone  Avas  spread 
evenlv  over  the  surface,  and  rolled  once  to  turn  down  the  sharp 
edges  and  leave  an  even  surface.  One  and  one-half  inch  of  the 
asphalt  rock  was  then  spread  on,  breaking  up  the  lumps  and 
fining  all  the  voids  as  much  as  possible.  The  roller  was  then 
kept  moving  parallel  to  the  axis  of  the  roadway,  running  off 
occasionally  to  dust  the  roller  to  keep  it  from  sticking.  After 
about  the  fifth  rolling  the  surface  began  to  compact  as  the  rock 
came  to  a  firm  bearing.  It  was  found  that  the  rock  could  not  be 
worked  below  70  to  75"  F.,  and  worked  better  as  the  temperature 
increased.  The  road  rutted  quite  badly  when  traffic  was  first 
allowed  on  it,  but  by  the  end  of  a  week  these  all  disappeared  and 
the  surface  had  become  smooth  and  compact.  The  surface  was 
elastic,  yet  self-healing  from  any  ruts  or  dents. 

While  it  is  admitted  that  with  a  proper  tar  ]\Iacadam  con- 
struction we  secure  a  wearing  surface  that  is  dustless,  resilient, 
proof  against  motor  traffic,  easy  to  clean,  though  expensive,  yet 
there  are  several  objections  that  must  be  considered. 

The  most  important  one  is  that  of  grade.  In  general,  it  has 
not  been  found  wise  to  use  it  on  grades  greater  than  3  to  4 
in  a  hundred,  owing  to  the  fact  that  horses  seem  to  have  trouble 
with  footing.  This  is  especially  apparent  during  frosty  weather 
in  the  early  morning.  On  cui'ves  in  wet  weather  it  has  been 
found  to  increase  the  tendency  to  side-slip  with  motors.  It  seems 
that  these  effects  are  caused  by  an  excess  of  tar  on  the  surface 
when  an  insufficient  quantity  of  dry  screenings  were  applied,  or 
they  were  not  rolled  in  properly  and  were  then  picked  out  by 
the  traffic. 

The  most  important  points  in  favor  of  this  type  of  construc- 
tion are  the  facts  that  it  is  absolutely  waterproof,  and  is,  there- 
fore, free  from  frost  action,  and  that  all  the  stone  particles  are 
held  rigidly  in  position  so  that  there  can  be  no  internal  attrition. 

SELECTION  OF  MATERIALS. 

In  considering  the  selection  of  materials  for  use  in  making 
tar  Macadam,  their  availabilitv  is-  of  course,  the  primal  consid- 
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eration,  but  where  several  grades  of  stone  are  near  at  hand,  it 
has  been  found  that  a  rough,  regular  fracture  seems  to  give  the 
best  results.  The  harder  the  stone  the  better,  although  blast 
furnace  slag  has  given  good  results  when  properlv  chosen. 

As  to  size,  this  is  dependent  somewhat  upon  the  thickness  of 
coating  that  it  is  desired  to  la}',  and  the  largest  size  in  the  mixture 
should  apparently  be  about  V2  inch  less  than  the  finished  thickness 
of  the  layer. 

In  general,  we  desire  to  lay  a  dense  mixture,  and  this  involves 
either  grading  the  stones  before  mixing,  or  bv  spreading  layers 
of  the  different  sizes  and  then  making  a  homogeneous  mixture 
by  rolling  the  stones  together  on  the  surface. 

There  are  two  general  methods  in  use  for  making  dense  stone 
aggregates  for  cement  concrete  work  where  a  minimum  per- 
centage of  voids  is  of  even  more  importance  than  in  our  work. 
The  one  consists  in  using  the  maximum  quantity  of  the  largest 
size  stone,  and  then  filling  the  voids  by  the  use  of  a  large  quantity 
of  very  fine  mortar,  any  particle  of  which  will  enter  the  voids  in 
the  large  stone.  The  other  method  brought  out  by  ^Ir.  W.  D. 
Fuller,   proportions  the  stone  by  the  parabolic  formula  where 

lOOOO 

d  =any  given  diam. 

P  =  percentage  of  mixture  smaller  than  this  diam. 

£>  =  largest  diam.  of  stone  used. 

Two  cmwes  are  given  for  2-inch  and  ili-inch  stone,  the  sizes 
usually  used  for  tar  Macadam. 

^ir.  Fuller  combines  his  stone  mixtures  after  mechanical 
analyses,  so  that  thev  most  nearly  approach  this  ciu'\"e. 

For  instance,  with  i  ^2-inch  stone  as  the  largest  size,  he 
requires  that — 

92  per  cent,  shall  pass  through  i {  inch  sieve. 
82  per  cent,  shall  pass  through  i  inch  sieve. 
70  per  cent,  shall  pass  through  j  inch  sieve. 
57  per  cent,  shall  pass  through  \  inch  sieve. 
42  per  cent,  shall  pass  through  \  inch  sieve. 
25  per  cent,  shall  pass  through  j',7  inch  sieve. 

This  might  be  approximated  then  by 

30  per  cent,  il  inches  to  |  inch. 
28  per  cent,  f  inch  to  \  inch. 
42  per  cent.    ]   inch  to  dust. 

However,  in  this  work  we  generally  require  a  greater  pro- 
portion of  the  large  stone.      Considering  the  quantity  of  voids  in 
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the  dififerent  size  stone  that  we  might  use,  it  will  be  found  that 
they  will  vary  with  different  classes  of  rock,  depending  on  its 
cleavage  and  fracture,  hardness,  kind  and  adjustment  of  crusher. 
The  following  figures  *  may  be  of  service : 

Hard  Trap,  Rotary  Crusher. 

Size  of  stone.  Per  cent,  of  voids  loose.  Per  cent,  of  voids,  compressed. 

2|^  inches  to  I  inch.  54-5  43-7 

1  inch  to  J  inch.  54-5  42.8 
2 1  inches  to  dust.                               45-0                                          30.6 

Soft  Trap,  Jaw  Crusher. 
Size  of  stone.  Per  cent,  of  voids,  loose.  Per  cent,  of  voids,  compressed. 

2  inches  to  I  inch.  51  o  40.6 
I  inch  to  I  inch,             51  o  35-9 

Gravel. 

Size  of  stone.  Per  cent,  of  voids,  loose  Per  cent,  of  voids,  compressed 

2^  inches  to  ^  inch.  36.5  28.2 

Sand  34 -o  27.0 

Assuming  now  a  percentage  of  voids  in  the  compressed  stone 
of  43  per  cent,  and  in  sand  of  27  per  cent.,  the  following  would 
give  a  dense  mixture  : 

Pounds.  Material.  Volumetric  percentage. 

1000  I ^ inches  stone.  60.0 

430  I  inch  dust  stone.  25.7 

189  Sand.  I I. 3 

22  Bituminous  cement.  3.0 

While  this  mixture  would  have,  theoretically,  a  low  per- 
centage of  voids,  yet  as  the  surface  of  the  particles  which  must 
be  covered  by  the  bituminous  binder  rises  very  rapidly  as  the  size 
of  the  particles  decreases,  considerably  more  bituminous  binder  is 
required.  It  is  found  that  about  lo  per  cent,  by  volume  of  the 
stone  mixture  should  be  cement.     This  would  g-ive  then 


'ounds. 

Material. 

Volumetric  percentage. 

1000 

I  ^  inches  stone. 

60.0 

400 

1  inch  dust. 

24.0 

100 

Sand. 

6.0 

74 

Bituminous  cement. 

10. 0 

If  it  is  desired  to  use  only  two  sizes  of  stone,  the  following 
mixture  might  be  used : 


Pounds. 

Material. 

Volumetric  percentage. 

1000 

i^  inches  stone. 

66.5 

370 

1  inch  dust. 

24-5 

60 

Compound. 

9.0 

*  Quoted  in  Taylor  and  Thompson's  "  Concrete,  Plain  and  Reinforced.' 
Vol.  CXLVIII,  No.  1006-22 
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A  similar  mixture  was  used  in  some  Government  experiments 
at  Newton,  Mass.,  very  successfully.  In  some  sections  tarred 
sand  was  rolled  into  the  surface,  which  gave  a  very  smooth  finish. 

The  question  of  the  selection  of  a  proper  binder  for  this  work 
and  the  specifications  for  different  qualities,  has  been  the  subject 
of  considerable  scientific  and  practical  inquiry  and  experiment 
during  the  past  three  years. 

At  the  present  time  there  are  two  committees  from  scientific 
societies,  viz, :  The  American  Society  of  Civil  Engineers,  of 
which  committee  Mr.  W.  W.  Crosby,  Chief  Engineer  of  the 
Maryland  Geological  Survey,  is  chairman,  and  Prof.  M.  H. 
Blanchard,  Assistant  Engineer  of  the  State  Board  of  Public 
Roads  of  Rhode  Island,  is  secretary,  and  The  American  Society 
for  Testing  Materials,  whose  Committee  on  Standard  Tests  for 
Road  Material  is  headed  by  Mr.  Logan  W.  Page,  Director  of 
the  Office  of  Public  Roads,  as  chairman,  and  Mr.  Prevost  Hub- 
bard, Assistant  Chemist  of  the  Office  of  Public  Roads,  is  secre- 
tary. In  view  of  the  fact  that  both  of  these  committees  will 
present  reports  during  the  coming  summer,  only  a  general  survey 
of  this  question  will  be  given. 

The  materials  in  general  use  at  the  present  time  consist 
wholly,  or  as  mixtures,  of  coal  tar,  water  gas  tar,  coke  oven 
tar,  asphaltic  base  oils,  both  crude  and  residue  blown  oils,  sulphate 
pitch  and  a  number  of  natural  bitumens,  such  as  Gilsinite,  etc. 

It  is  not  difficult  to  see  that  with  such  a  collection  of  materials 
bidding  for  public  favor,  that  a  proper  choice  would  be  a  difficult 
one.  In  general,  the  asphaltic  oils  and  residues  have  given  very 
much  better  results  in  warm,  dry  climates,  such  as  California  and 
the  South,  than  in  our  damper  and  colder  northern  climate.  Here 
the  various  tar  preparations  have  been  more  successful. 

Crude  coal  tar  was  used  in  the  earlier  experiments,  but  it  was 
soon  found  to  yield  better  results  when  partially  refined,  espe- 
cially when  the  ammoniacal  liquor  and  some  of  the  light  oils 
were  removed. 

Water  gas  tar  was  first  used  in  1904-5  at  Omaha,  Neb.,  and 
at  Tunbridge  Wells  in  England,  as  a  dust-laying  treatment, 
known  now  as  "  tar  painting."  It  proved  very  successful,  as  it 
had  the  following  advantages  over  the  coal  tar  formerly  em- 
ployed, (i)  It  was  cheaper.  (2)  Being  more  fluid,  it  could 
be  applied  cold.      (3)   It  penetrated  the  surface  more  readily. 
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(4)  It  resisted  wet  weather  better,  and  seemed  to  chum  less  in 
winter.  (5)  It  contains  very  much  less  free  carbon  than  coal 
tar,  which  probably  accounts  for  advantage  4. 

The  success  attending  its  use  as  a  dust  layer  led  to  trials  of 
its  use  as  a  surface  treatment  with  screenings,  but  the  crude 
water  gas  tar  did  not  contain  sufficient  binder,  and  they  were  not 
successful.  During  the  past  two  years,  however,  a  refined  grade 
of  tar  has  been  prepared  which  unites  all  the  advantages  of 
penetration  and  resistance  to  moisture  and  churning  with  the 
toughness  and  strength  of  the  other  preparations.  The  exceed- 
ingly low  percentage  of  free  carbon  in  the  water  gas  tar  prepara- 
tion is  undoubtedly  the  cause  of  its  superior  behavior. 

The  question  of  the  percentage  of  free  carbon  is  already 
recognized  as  important,  and  nearly  all  specifications  restrict  it. 
At  the  coming  meet  of  the  American  Society  for  Testing  Ma- 
terials, Mr.  Prevost  Hubbard  will  read  a  paper  on  its  influence 
on  bituminous  materials  for  road  work. 

In  general,  it  acts  as  diluent  while  giving  the  material  a  false 
vicosity.  So  that  in  one  pound  of  material  there  would  be  from 
18  to  25  per  cent,  more  active  binder  (material  insoluble  in  CS2) 
in  a  water  gas  tar  pitch  than  a  coal  tar  preparation. 

Furthermore,  the  free  carbon  seems  to  exercise  a  hydroscopic 
property,  tending  to  absorb  moisture,  which  has  a  deteriorating 
effect  on  the  coating  and  is  undoubtedly  responsible  for  the  churn- 
ing that  sometimes  occurs  in  winter. 

The  question  of  specifications  has  been  gone  into  very  thor- 
oughly by  Mr.  Prevost  Hubbard,  of  the  Office  of  Public  Roads, 
in  Bulletin  No.  34,  entitled  "  Dust  Preventatives,"  some  brief 
abstracts  for  different  materials  being  given  at  the  end  of  the 
paper. 

In  general,  I  believe  that  we  require  a  compound  that,  while 
developing  the  greatest  binding  property,  will  not  become  too 
fluid  at  high  temperatures,  that  it  will  run  under  a  summer  sun, 
and  yet  will  be  elastic  enough  not  to  become  brittle  and  crack  at 
the  winter  temperatures.  To  this  must  be  added  a  further 
proviso,  that  it  shall  not  contain  such  a  percentage  of  volatile  oils 
that  their  loss  under  the  exposure  to  the  elements  during  its  use 
in  the  road  will  impair  either  its  strength  or  elasticity.  This 
could  be  secured  by  specifications  which  would  require  at  certain 
temperatures  dependent  upon  the  climate  of  the  locality,  certain 
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binding  strengths  and  viscosities,  together  with  a  maximum 
allowable  loss  in  the  vaporization  test,  which  consists  in  heating 
a  standard  weight  of  the  material  at  some  fixed  temperature 
for  a  definite  time  while  exposing  a  fixed  surface. 

The  question  of  the  perfecting  of  a  machine  that  will  give 
accurate  figures  for  the  breaking  strength  is,  of  course,  the  im- 
portant one,  and  is  now  occupying  the  attention  of  the  members 
of  the  two  Committees  mentioned  above.  It  may  be  necessary 
to  briquette  the  material  with  a  standard  sand,  but  in  any  event, 
the  breaking  load  will  undoubtedly  have  to  be  applied  as  a  sudden 
shock,  and  the  breaking  strength  recorded  on  some  form  of 
spring  balance. 

CONCRETE  SURFACING. 

There  are  several  methods  of  road  construction  that  have 
lately  been  brought  into  notice  in  an  endeavor  to  find  a  surface 
that  should  be  dustless  and  withstand  heavy  motor  traffic,  and 
although  they  are  not  in  any  way  related  to  the  subject,  we  feel 
that  they  should  at  least  be  briefly  mentioned.  They  are  the  use 
of  cement  surfacing  and  small  granite  or  composition  setts. 

Concrete  road  surfacing  was  probably  introduced  by  J. 
Mitchell  at  Inverness,  Eng.,  about  1865,  when  he  patented  a 
cement  concrete  for  this  purpose  composed  of : 

Broken  stone,  4  part?. 
Sharp    sand,    V4    to    V/2    parts. 
Portland  cement,  i  part. 

The  surface  was  to  be  laid  in  two  layers  7  to  8  inches  deep  in 
all.  In  general,  the  chief  objection  to  concrete  surfaces  for 
road  purposes  is  the  fact  that  they  crack  badly  from  temperature 
changes,  and  aft'ord  but  little  foothold  for  horses.  In  the  form 
of  paving  which  was  introduced  in  Bellefontaine,  O.,  in  1896, 
and  is  now  exploited  as  the  Hassam  pavement,  covered  by  U.  S. 
Patent  No.  819,652,  they  endeavor  to  prevent  cracking  with  a 
metal  reinforcement.  There  has  lately  been  introduced  an  acid 
wash  for  concrete  surfaces  that  attacks  the  surface  coating  of 
cement  and  exposes  the  aggregate,  thus  giving  a  better  footing;', 
so  that  these  two  objections  may  in  time  be  overcome.  Cement 
surfacing  has  been  tried  at  Toulouse  and  Grenoble,  France,  but 
without  notable  success.  A  great  deal  of  it  was  put  in  at 
Panama,  where  it  is  said  to  be  quite  successful,  but  its  high  cost. 
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$2.00  per  square  yard,  precludes  its  use  for  anything  but  city 
streets.  At  Newton,  Mass.,  they  tried  a  surface  grouting  of 
concrete  on  a  Macadam  surface,  but  it  scaled  badly  and  eventu- 
ally had  to  be  abandoned. 

At  the  Brookfields  Track,  a  motordrome  in  England,  the  con- 
crete surface  that  was  first  used  failed  so  badly  under  the  action 
of  heavy  racing  cars  at  a  speed  of  from  80  to  100  miles  per  hour, 
that  it  had  to  be  nearly  all  replaced.  The  surface  seemed  to  lose 
a  thin  surface  skin,  and  then  the  concrete  failed,  like  Macadam, 
ruts  forming  to  a  depth  of  several  inches. 

On  the  Motor  Parkway,  in  Long  Island,  where  the  Vanderbilt 
Cup  Races  are  held,  the  Hassam  paving  was  used,  but  so  far 
it  seems  to  have  withstood  the  effects  of  both  winter  weather 
and  the  high  speed.  However,  much  of  this  parkway  is  on 
tangents  and  fairly  flat,  while  at  the  Brookfields  Track  it  is 
nearly  all  on  a  curve  and  steeply  banked.  Again,  the  speed  at 
Brookfields  was  considerably  higher  and  the  machines  were 
heavier. 

sets. 

There  are  three  forms  of  block,  or  set,  paving  that  have 
considerable  promise. 

Nonskidamacrete  is  a  compound  block  formed  under  pressure 
with  a  cement  concrete  base  and  a  tar  Macadam  top.  They  are 
laid  on  a  concrete  or  Macadam  sub-base,  and  are  held  in  place 
with  a  tar  grouting.  They  have  not  been  in  use  long  enough  to 
gain  an  insight  into  their  durability,  but  they  are  said  to  be 
cheap,  noiseless  and  all  that  their  name  implies. 

Dorrite  is  another  block  paving  made  by  compressing  a  tarred 
gravel  with  20  per  cent,  of  tar  into  4-inch  blocks,  with  a  pressure 
of  23^  tons  per  square  inch.  This  is  a  German  invention,  is  laid 
as  the  Nonskidamacrete,  and  is  also  an  experiment. 

Kleinpflaster  is  a  random  block  made  by  a  patented  machine 
from  granite.  It  was  first  introduced  at  Stade,  near  Hanover, 
Germany,  in  1885.  The  blocks  are  laid  on  a  y^-'mch  bed  of  sand 
over  either  a  concrete  or  Macadam  foundation.  The  blocks  are 
usually  2^/\-  or  3^'^-inch  cubes,  and  are  laid  as  closely  as  possible, 
then  well  tamped  and  any  joints  brushed  with  sand.  They  afford 
a  good  foothold,  and  seem  to  last  20  years  under  heavy  trafHc. 
They  cost  in  Germany  $1.50  per  square  yard  in  place. 

A  later  modification  of  this   is  the   Durax,   the  distinctive 
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feature  being  that  the  blocks  are  laid  in  segments  of  a  circle  with 
chords  of  5  to  6  feet,  at  right  angles,  to  the  centre  line  of  the 
street.  This  is  said  to  make  the  paving  quite  noiseless.  The 
olocks  are  now  grouted  with  an  elastic  tar  preparation,  and  cost 
about  $1.50  a  square  yard  in  England. 

Captain  Bingham,  of  the  Royal  Commission  on  Motor  Traf- 
fic, in  England,  declared  that  this  was  the  best  and  most 
economical  method  of  obtaining  a  strong,  noiseless,  non-skidding 
and  dustless  road  surfacing  for  all  kinds  of  traffic.  This  method 
does  not  seem  to  have  been  used  as  yet  in  this  countr}-. 

GENERAL   REVIEW. 

In  considering  the  subject  of  road  treatment  generally,  and 
the  application  of  tars  or  oils  in  particular,  there  are  four  general 
factors  that  must  be  taken  into  consideration : 

1.  The  climatic  conditions. 

2.  The  road  surface,  i.e.,  material  and  condition. 

3.  The  traffic  which  the  road  has  to  bear. 

4.  The  money  available. 

The  methods,  as  mentioned  before,  which  were  originated  in 
a  hot,  dry  climate,  cannot  be  expected  to  yield  the  same  excellent 
results  in  cold,  damp  ones.  Again,  some  considerations  such  as 
foot-hold  and  spalling  from  frost  need  never  be  considered  in 
uniformly  warm  parts  of  the  country.  The  asphaltic  oils  have 
generally  failed  in  this  latitude,  but  have  been  successful  else- 
where, while  water  and  coal  gas  tar  pitch  has  given  satisfactory^ 
results. 

In  considering  the  question  of  the  influence  of  the  present 
road  surface  in  general,  asphalt  oils  have  given  better  results  on 
gravel,  and  tars  on  Macadam.  It  would  obviously  not  pay  to 
tear  up  a  good  Macadam  surface  and  lay  tar  Macadam,  but  it 
should  be  tar  painted  or  tarred  with  screening  until  ready  for 
resurfacing,  and  then  rebuilt  as  a  tar  Macadam  road.  The 
same  would  apply  to  gravel.  If,  however,  the  road  was  badly 
ravelled  but  not  too  deeply  worn,  it  might  be  resurfaced  by  the 
penetration  method  with  good  results. 

With  sand  or  clay  roads  some  modification,  which  would  re- 
sult in  a  thorough  admixture  of  the  binder  with  the  soil,  followed 
by  thorough  compacting,  seems  to  be  the  most  advisable.  While 
asphalt  oils  have  hitherto  been  used  almost  exclusively,  yet  I 
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believe  in  this  latitude  a  proper  tar  compound  would  give  much 
more  successful  results. 

We  feel  that  a  more  intelligent  inquiry  into  the  possible  traffic 
that  a  surface  may  be  expected  to  bear  would  frequently  prevent 
failure  from  the  use  of  unsuitable  materials  and  methods.  Fre- 
quently the  traffic  of  a  road  is  considered  and  reported  as  very 
light  pleasure  traffic,  when  a  careful  survey  will  reveal  quite  the 
opposite. 

A  traffic  census  made  on  June  20,  1908,  on  a  street  in  Mont- 
clair,  N.  J.,  gave  6.5  tons  per  foot  width  per  hour,  while  a  busy 
street  in  Newark,  N.  J.,  gave  only  4.0  tons.  The  Montclair  street 
was  paved  with  Macadam,  and  was  not  designed  for  heavy  traffic, 
while  the  Newark  street  was  paved  with  Belgian  blocks  set  on 
concrete,  probably  the  strongest  paving  possible. 

The  great  number  of  motor  cars  that  are  yearly  increasing 
must  be  considered  whenever  any  new  construction  is  contem- 
plated, as  the  entire  travel  is  usually  diverted  to  each  new  road 
even  at  a  sacrifice  of  several  miles  in  distance.  Again,  it  would 
doubtless  pay  to  consider  the  possibility  of  paving  certain  points, 
where  travel  is  concentrated  or  unusually  severe  conditions  are 
to  be  expected  such  as  the  approaches  and  crossings  of  main 
roads,  sharp  curves  and  the  approaches  to  sharp  grades,  with  a 
more  permanent  form  of  paving  and  use  a  cheaper  form  on  the 
tangents  and  lesser  traveled  portions. 

However,  the  determining  factor  is  usually,  how  much  will 
it  cost,  and  not  how  long  will  it  last?  In  the  majority  of  our 
rural  communities  there  is  a  large  mileage  of  road  that  is  always 
just  about  to  become  impassable — something  must  be  done  to 
keep  them  open  to  travel,  so  that  a  little  is  spent  here  and  there 
and  no  permanent  good  is  secured.  In  some  few  instances  in  the 
older  settled  sections  where  the  road  system  has  been  more  com- 
pletely developed,  the  main  problem  is  one  of  maintenance,  and 
it  is  here  that  we  find  a  more  intelligent  view  prevailing  of  the 
wisdom  of  doing  each  piece  of  work  thoroughly.  Of  course,  the 
American  practice  of  "  working  out  "  the  road  tax  is  resnonsible 
for  the  lack  of  money  with  which  to  make  permanent  improve- 
ments in  the  roads,  but  the  feeling  is  gaining  ground  that  in 
many  cases  it  will  well  repay  a  borough  to  issue  bonds  for  this 
purpose,  putting  in  some  permanent  form  of  construction  that 
will  give  the  benefit  of  good  roads,  while  the  money  that  was 
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formerly  spent  in  maintenance  will  more  than  pay  the  sinking- 
fund  charges. 

Two  very  g-ood  papers  on  the  most  economical  method  of 
procedure  from  a  financial  standpoint  have  been  written  by 
French  engineers,  who,  of  course,  are  concerned  principally  with 
the  cost  of  maintaining  their  present  roads,  as  I  believe  the 
French  National  Road  system  is  now  complete.  P.  Caufourier, 
in  Le  Genie  Civil,  vol.  lii.  No.  16,  p.  268,  goes  into  the  question 
of  the  probable  life  of  the  road  under  various  treatments  and 
different  intensities  of  travel,  and  he  gives  some  equations  which, 
when  the  proper  constants  are  assumed,  will  show  the  economical 
method  to  be  used.  His  general  conclusions  were  that  tar  paint- 
ing was  only  economical  with  very  hard  material  under  heavy 
travel,  or  with  very  poor  material  under  light  travel.  That 
tarring  with  a  coat  of  hard  screening  was  good  with  heavy  travel 
on  poor  surfacing.  That  tar  Macadam  was  good  in  heavy  travel 
even  with  poor  metal.  That  frequently  when  there  is  but  little 
difference  in  the  annual  charge,  it  will  prove  more  economical  to 
use  the  better  (more  permanent)  method. 

Another  article  published  in  the  Annales  des  Fonts  et 
Chaiisses,  part  5,  1908,  plots  curves  showing  the  annual  costs  at 
4  per  cent,  interest  for  various  classes  of  paving,  thus  showing 
the  different  life  that  each  should  attain  to  be  equally  economical. 
However,  these  tables  apply  only  to  French  conditions,  but  they 
show  that  there  is  a  growing  desire  to  consider  the  matter  of  road 
finances  in  a  more  scientific  manner. 

Mr.  H.  P.  Maybury,  a  prominent  English  road  engineer,  in 
reviewing  the  arguments  for  and  against  tar  Macadam,  feels  that 
in  his  district,  where  they  have  some  snow  in  winter  and  it  is 
quite  hilly,  and  where  the  present  surfacing  is  granite,  that  on 
account  of  the  slipperiness  of  tar  Macadam  in  wanter,  the  danger 
of  using  it  in  hills,  its  first  cost,  together  with  some  little  traffic 
dust  in  summer,  that  it  is  not  the  best,  even  under  the  heavy  motor 
traffic.  He  suggests  building  a  very  deep,  strong  surface  with  a 
flat  camber  of  not  over  i  to  30,  using  large  hard  stone  (2^-  and 
2-inch  granite)  for  the  surface,  with  just  enough  small  stone  to 
fill  the  interstices,  and  grouted  with  tar,  keeping  the  dust  down 
with  machine  tar  painting,  as  the  best  solution  of  the  problem 
short  of  some  form  of  Kleinpflaster  or  Durax  paving. 

The  First  International  Road  Congress  agreed  that  a  firm, 
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well  drained  foundation  was  the  first  essential ;  that  tar  properly 
applied  as  a  surface  application  would  lay  the  dust  and  protect 
the  road  from  light  motor  traffic,  but  that  for  heavy  motor  traffic 
the  surface  material  to  a  depth  of  2  inches  should  be  mixed  with 
the  binder. 

We  may  say  for  a  tar  treatment  properly  applied  that  it  makes 

a  road : 

Dustless; 

More  hygienic; 

Less  troub.esome  and  expensive  to  keep  clean ; 

Less  mud ; 

No  water  cuts ; 

More  p'.easing  to  travel  over  from  its  resiliency ; 

Less  expensive  in  the  long  run  to  maintain. 

The  Office  of  Public  Roads  made  a  census  of  the  roads  of 
the  United  States  in  1904,  with  the  following  results:  Total 
mileage  of  public  roads,  2,161,570;  of  this  7.14  per  cent,  were 
improved  roads. 

108,233  miles  of  gravel. 
38,622  miles  of  stone. 
6,810  miles  of  shell,  oil,  etc. 


153,665 


During  the  five  years  just  past  there  has  been  a  great  awaken- 
ing in  the  interest  in  good  roads,  and  from  the  1908  Report  of 
the  Office  of  Public  Roads  we  now  have 

124468  miles  of  gravel  road. 
43450  rries  of  stone  road. 
8,512  miles  of  shell,  oil,  etc. 


176,430  miles  of  improved  road. 

Leaving  out  the  8,512  miles  of  shell  and  oil   road,   we  have 
177,000  miles  of  recognized  improved  road. 
In  England  and  Wales  there  are 

23,826  miles  of  main  road. 
95,211  miles  of  side  road. 


119,037  miles. 

On  these  roads  England  is  spending,  practically  in  maintenance 
alone,  $347  a  mile  on  main  road  and  $107  a  mile  per  year  on 
the  side  roads. 

In  France  the  length  of  roads  and  annual  expenditure  per 
mile  are  as  follows : 
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National  roads,                            22,009  miles  $230  per  mile. 

State  roads,                                   16,188  miles  180  per  mile. 

Important  town  roads,             128,522  miles  130  per  mile. 

Village  roads,                            155.093  miles  55  per  mile. 


Total,  321,812  miles. 

Average  per  mile=$i02.oo. 

We  are  spending  less  than  $40.  But  our  roads  are  in  the 
building,  and  the  next  forty  years  will  see  an  enormous  increase 
in  the  mileage  of  good  roads.  We  already  have  State  aid  laws 
in  23  States,  and  during  1908,  16  States  spent  $18,000,000  and 
built  1,800  miles  of  new  road.  When  we  consider  that  in  dis- 
tricts where  the  roads  are  improved,  the  attendance  of  school 
children  is  yy  per  cent.,  while  in  those  districts  where  poor  roads 
prevail  it  is  only  53  per  cent.,  and  that  from  the  best  figures  ob- 
tainable the  Ainerican  farmer  is  spending  from  13  to  25  cents 
per  ton  mile  more  than  he  should  on  every  load  he  hauls  to  the 
railroad  station,  we  cannot  but  feel  that  the  country  as  a  whole 
will  awaken  to  the  soundness  of  good  roads  as  an  investment, 
and  that  we  will,  as  a  nation,  soon  excel  the  world  in  the  matter 
of  improved  roads.  They  cannot  be  built  in  one  year  nor  ten, 
but  if  the  movement  is  even  properly  started  nothing  can  keep  it 
back. 

With  the  increasing  use  of  motor  cars  some  form  of  surface 
treatment  is  absolutely  essential  to  preserve  the  integrity  of  a 
Macadam  surface.  It  has  been  universally  admitted  that  tar 
properly  treated  and  applied  fulfills  this  purpose  admirably. 


REDUCED  DIAMETER  CARD  COMPASS. 

Information  has  been  received  by  the  Bureau  of  Manufactures  that  a 
patent  reduced  diameter  card  compass  has  just  been  exhibited  in  Liverpool 
and  caused  great  interest  to  people  concerned  in  British  shipping,  its  value 
being  described  as  follows : 

It  appears  in  many  respects  a  desirable  improvement  on  the  compass  now 
generally  used,  especially  by  securing  the  card  magnification  of  the  markings 
without  eye-strain,  and  by  permitting  the  use  of  cards  of  small  diameter  as 
compared  with  that  of  the  ordinary  comoass.  It  also  affords  greater  steadi- 
ness and  freedom  from  that  inertia  which  is  associated  with  cards  of  full 
diameter  in  use  at  the  present  time.  For  many  years  the  desirability  has  been 
recognized  for  adopting  some  suitable  means  of  enlarging  the  markings  or 
calibration  of  compass  cards  to  enable  helmsmen  to  readily  detect  any 
deviation  from  the  course.  Hitherto  it  has  been  a  common  practice  for 
seamen  to  use  ordinary  lens  magnifiers,  or  have  large  compass  cards  provided. 

Compasses  with  12-inch  and  15-inch  cards  have  been  used,  but  there  are 
disadvantages  connected  with  them  on  account  of  their  unsteadiness  in  a 
seaway  owiner  to  the  period  of  vibration  and  inertia,  hence  they  have  not 
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been  altogether  successful.  Lens  magnifiers  are  only  used  to  a  limited  extent, 
as  they  cause  the  same  strain  to  the  helmsman's  eyes  as  a  result  from  the 
use. of  strong  spectacles,  and  the  lenses  have  to  be  fitted  on  the  compass 
glass,  which  is  said  to  be  undesirable.  The  reduced  diameter  card  compass 
invention  has  been  brought  out  with  the  object  of  doing  away  with  the 
disadvantages  referred  to.  There  has  been  introduced  to  this  compass  an 
arrangement  whereby  the  markings  or  calibrations  of  the  card  can  be  in- 
creased to  almost  any  size  without  any  of  the  drawbacks  encountered  in  the 
ordinary  compass. 

CLOSER    AND    MORE   ACCURATE   STEERING   OBTAINED. 

In  this  invention  a  magnifying  mirror,  which  is  adapted  to  magnify 
the  markings  on  the  card  to  any  desired  extent,  is  placed  inside  the  compass 
bowl  on  the  forward  part  so  that  the  top  of  the  compass  may  be  removed 
without  affecting  the  mirror.  To  the  compass  card  is  added  a  down-turn 
rim  on  which  the  degrees  are  marked,  the  figures  being  reversed  so  that  they 
show  normally  in  the  magnifying  mirror.  Instead  of  the  steersman  viewing 
the  compass  card  direct,  he  steers  by  the  magnified  image  shown  in  the 
mirror,  and  the  least  movement  of  the  vessel  is  at  once  detected.  Closer 
and  more  accurate  steering,  it  is  alleged,  is  attained  by  the  new  card  compass, 
as  the  slightest  deviation  from  the  course  is  immediately  observed.  As  the 
helmsman  is  viewing  the  magnified  reflection  and  not  the  object  directly 
through  the  magnifier,  there  is  no  straining  of  the  eyes,  in  fact  the  strain 
is  said  to  be  considerably  less  than  when  steering  with  the  usual  lo-inch 
card  now  so  extensively  used.  The  inventors  say  that  exhaustive  practical 
tests  have  been  made  at  sea  under  all  weather  conditions  with  results  which 
have  undoubtedly  insured  the  success  of  this  new  magnifying  system  of 
steering.  Navigational  experts  to  whom  this  patent  has  been  shown 
expressed  their  approval  of  the  practical  advantages  of  it,  and  recognized 
the  convenience  it  afforded  to  seamen. 


LITHOGRAPHIC  STONE  INDUSTRY. 

SMALL  GERMAN  TOWN  FURNISHES  THE  WORLD'S   SUPPLY. 

The  quarrying  and  preparing  for  market  of  lithographic  stones  is  a  unique 
industry  carried  on  near  Solenhofen,  about  45  miles  south  of  Nuremberg, 
on  the  main  railway  line  to  Munich.  The  town  is  an  unimportant  one  of 
about  1,300  inhabitants,  the  stone  quarries  being  in  the  hills  back  of  the  town 
at  a  level  of  some  1,500  feet  above  the  sea. 

So  far  as  is  now  known,  the  area  in  which  these  stones  are  found  is 
not  more  than  4  or  5  miles  long  by  2  or  3  miles  wide.  In  this  limited  area 
quarrying  has  been  carried  on  for  more  than  a  century,  and  from  it  prac- 
tically the  world's  supply  of  lithographic  stones  has  been  obtained. 

The  stone,  as  is  well  known,  is  a  species  of  compact  limestone  of  peculiar 
texture  and  of  a  yellowish-gray  or  bluish-gray  color,  hard  bluish  stones  being 
the  more  valuable.  It  is  found  in  layers  varying  in  thickness  from  a  half 
inch,  or  even  less,  up  to  6  or  7  inches.  The  layers  extend  from  near  the  sur- 
face of  the  ground  to  a  depth  of  75  or  100  feet,  or  even  more,  and  are  apt  to 
be  much  broken  by  fractures  or  seams  and  layers  of  worthless  rock  and  earth. 

SMALL    PERCENTAGE    OF    MARKETABLE    STONE. 

In  the  best  quarries  not  more  than  one-twelfth  of  the  material  removed 
is  marketable  stone,  and  much  of  this  is  of  little  value  because  of  the  small 
sizes  in  which  it  can  be  found  clear  of  cracks  or  flaws.  The  quarrying  is 
carried  on  by  several  different  firms  and  by  a  corporation.  About  1,200  work- 
men are  employed  in  the  various  quarries  and  in  the  work  of  cutting  and 
dressing  the  stone  for  market.     The  stones  are  lifted  carefully  from  their 
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position  in  the  quarries  in  various  marketable  sizes  and  are  then  hauled  to 
buildings  near  by.  Here  the  surfaces — for  some  markets  one  and  for  others 
both— are  ground  down,  chiefly  with  coarse  sand  rubbed  on  by  heavy  ma- 
chines, water  being  constantly  applied  during  the  process. 

One  concern  has  recently  introduced  a  heavy  machine  fitted  with  a  carbor- 
undum planer,  which  rapidly  smooths  the  surface  of  the  stones  as  they  are 
passed  back  and  forth  under  the  planer,  somewhat  as  heavy  plank  in  a  planing 
mill.  The  stones  are  further  smoothed  by  machinery  and  by  hand,  the  edges 
being  neatly  trimmed  and  corners  rounded. 

If  the  stones  are  6  inches  or  7  inches  thick  when  taken  from  the  quarries, 
as  is  sometimes  the  case,  they  are  sawed  through  once  by  heavy  saws  fitted 
on  the  edges  with  diamonds  and  operated  by  steam  power.  The  finished 
stones  vary  in  size  from  6  by  8  inches  to  44  by  64  inches,  and  vary  in  price, 
when  ready  for  shipment,  from  15  or  20  cents  up  to  $65  or  $70,  depending 
upon  the  size  and  quality.  In  recent  years  the  thinner  stones  which  would 
break  under  the  pressure  to  which  they  are  subjected  in  printing,  are,  in  some 
cases,  securely  cemented  to  other  stone  slabs,  thus  giving  the  requisite 
strength. 

It  is  a  notable  fact  that  the  industry  has  never  been  a  source  of  great  profit 
to  those  engaged  in  it.  The  explanation  is  that  the  amount  of  dead  work 
in  the  quarries  is  large,  and  the  proportion  of  perfect  stone  of  marketable 
size  is  so  small  as  to  leave  little  margin  of  profit  at  the  prices  at  which  the 
stones  are  sold.  It  frequently  happens  that  after  a  stone  has  been  ground 
smooth,  or  perhaps  been  sawed  through  at  considerable  expense,  a  chalky 
vein,  small  pebbles,  or  other  defects  appear  in  the  surface,  greatly  lessening 
its  value.  These  defects  become  apparent  when  a  damp  sponge  is  passed  over 
the  surface  of  the  stone. 

FUTURE    SUPPLY. 

Those  interested  in  the  lithographic-stone  industry  say  that  the  demand 
for  this  product  has  not  rapidly  increased  in  recent  years.  At  the  present 
rate  of  quarrying  they  believe  the  supply  at  Solenhofen  should  last  for  from 
100  to  200  years,  or  even  longer.  The  stones  are  at  present  exported  to  all 
civilized  countries  of  the  globe.  Germany  is  the  largest  buyer ;  France,  Italy, 
England,  and  the  United  States  are  the  next  in  importance  in  the  order  named. 
The  declared  values  of  the  exports  of  lithographic  stones  to  the  United 
States  for  the  eight  years  beginning  with  January  i,  1900,  were  as  follows: 


1900 ?ios,949 

1901 131,632 

1902 135,010 

1903 138,000 


YEAR.  VALUE. 

1904 $149,316 

1905 124,719 

1906 157,118 

1907 161,905 

— Consular  Report. 


CORRESPONDENCE 


THE  INTERIOR  OF  THE  EARTH  IN  THE  LIGHT  OF 
THE  NEW  SEISMOLOGY. 

Secretary  of  the  Franklin  Institute: 

In  the  Journal  of  the  Franklin  Institute,  June,  1909,  I  published  an 
article  on  Earthquakes  in  the  Light  of  the  New  Seismology.  My  object  was 
to  present  in  a  systematic  way  the  latest  facts  about  Seismology  that  have  been 
learned  by  such  workers  as  John  Milne,  Lord  Kelvin  and  other  recognized 
authorities ;  in  order  to  make  the  article  educative  I  presented  the  facts  in 
such  sequence  and  in  such  a  way  that  the  layman  as  well  as  the  scientific 
man  could  understand  them. 

In  the  September  number  of  the  Journal  of  the  Franklin  Institute 
under  correspondence  are  some  criticisms  by  Mr.  H.  W.  Hixon  on  the  views 
about  the  condition  of  the  interior  of  the  earth.  It  is  true  I  used  the 
quotation  in  my  article  "  An  open-minded  hospitality  for  new  facts  is  essen- 
tial to  intellectual  advance ;  "  this  is  correct,  every  one  has  a  right  to  his 
opinions  on  scientific  questions,  and  discussions  sometimes  point  out  errors. 
I  also  used  the  quotation  "  many  like  to  have  a  theory  on  which  they  can 
rely  implicitly  and  regard  as  final ;  they  dislike  to  sum  up  evidence  and  sus- 
pend judgment  until  sufficient  evidence  is  collected." 

Surely  I  was  liberal  in  my  article.  I  gave  the  four  views  or  hypotheses 
about  the  interior  of  the  earth  and  discussed  them  briefly,  while  Mr.  Hixon 
apparently  relies  implicitly  and  regards  as  final  one  theory,  namely,  the 
earth  has  a  crust  about  200  miles  thick  (diameter  of  earth  8000  miles)  and 
all  the  rest  of  the  interior  of  the  earth  is  gaseous.  In  his  letter  he  gives 
a  definition  of  critical  temperature  and  states  it  may  be  true  enough  to 
found  a  theory  on  and  then  gives  his  reasons  for  the  hypothesis  that  the 
earth  is  a  globe  of  gas  confined  by  a  thin  crust. 

In  none  of  our  standard  works  on  geology  such  as  Dana,  Le  Conte, 
Scott,  Salisbury  and  Chamberlain  and  in  none  of  the  monographs,  annual 
reports  or  Bulletins  of  the  United  States  Geological  Survey,  all  of  which 
are  warmly  praised  by  European  geologists  or  in  the  standard  geologies 
of  England,  such  as  Geikie  and  Prestwich,  can  the  author  recall  any  refer- 
ence to  such  a  theory.  In  an  article  by  Mr.  Hixon  on  "  The  Relation  of 
Magmatic  Waters  to  Volcanic  Action"  (see  Journal  of  the  Franklin 
Institute,  October,  igo8)  is  opened  by  this  sentence,  "The  relation  of 
magmatic  waters  to  volcanic  action,  ore  deposition,  mountain  folding  and 
kindred  phenomena  has  not  been  fully  appreciated  and  with  few  exceptions 
has  not  been  recognized  as  of  any  importance." 

According  to  Mr.  Hixon's  statement  we  can  understand  why  he  practi- 
cally stands  almost  alone  with  this  hypothesis,  when  he  acknowledges 
it  has  not  been  recognized  as  of  any  importance.  It  is  not  a  final  argument 
against  Mr.  Hixon's  hypothesis  that  he  stands  almost  alone  with  it.  Other 
men  in  the  past  have  stood  alone,  but  in  these  days  when  there  is  such 
an  open-minded  hospitality  for  facts  rather  than  theories,  there  must  be 
something  radically  wrong  with  such  an  hypothesis  when  it  receives  no 
recognition    or   even    slight   mention   by   geologists   generally. 

The  reason  for  Mr.  Hixon's  letter  of  criticism  of  the  various  views  on 
the  interior  of  the  earth  in  my  article  on  Earthquakes  is  very  clear  to  me. 
I  say  various  views  because  none  of  the  four  hypotheses  are  original  with 
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ine.     He  saw  clearly  that  the  facts  proved  by  Alilne  and  Lord  Kelvin  prac- 
tically put  his  first  article  on  volcanoes  out  of  commission. 

His  article  on  "  The  Relation  of  Magmatic  Waters  to  Volcanoes  "  and 
his  paper  on  earthquakes  are  practically  the  same  throughout.  One  is  simply 
a  repetition  of  the  same  theories  as  the  other ;  even  the  same  diagram  is  given, 
so  that  if  he  had  said  these  views  may  also  apply  to  earthquakes  the  reader 
would  have  understood. 

Lord  Kelvin  proved  very  clearly  that  it  would  be  impossible  for  the 
earth  to  have  a  thin  crust  and  a  gaseous  interior.  He  demonstrated  mathe- 
matically that  a  crust  or  shell  of  solid  steel  500  kilometres  (312  miles) 
thick  would  yield  under  the  enormous  pull  of  the  sun  and  moon  as  if  it 
were  India  rubber.  If  a  shell  of  steel  312  miles  thick  would  yield  like  India 
rubber,  what  would  happen  to  a  gaseous  earth  covered  with  a  thin  crust?  It 
would  undoubtedly  be  culled  out  of  shape.  Astronomers  fully  realize  that 
the  earth  behaves  as  a  solid  rigid  body  in  space  and  not  as  a  gaseous  globe 
or  even  a  molten  globe  with  a  thin  crust. 

In  the  Transactions  of  the  Royal  Society  for  1863  is  an  article  on  "  The 
Rigidity  of  the  Earth"  by  Sir  Wm.  Thomson  (Lord  Kelvin).  In  this 
article  he  makes  very  clear  his  opinions  and  proofs  in  regard  to  the  solidity 
and  rigidity  of  the  earth.  He  says  "  The  tidal  effective  rigidity  of  the  earth 
may  be  both  several  times  as  much  as  that  of  iron  (which  would  make 
the  phenomena  of  both  tides  and  of  precession  and  nutation  sensibly  the  same 
as  if  the  earth  were  perfectly  rigid).  It  is  enough  that  the  actual  rigidity 
should  be  several  times  as  great  as  the  actual  rigidity  of  iron  throughout 
2000  or  more  miles  thickness  of  the  crust."  He  also  states  in  the  same  article 
on  "The  Rigidity  of  the  Earth:"  "The  earth  cannot,  as  many  geologists 
suppose,  be  a  liquid  mass  included  only  in  a  thin  shell  of  solidified  matter, 
as  demonstrated  by  the  phenomena  of  precession  and  nutation. 

Mr.  Hopkins,  to  whom  the  grand  idea  of  thus  learning  the  physical 
condition  of  the  interior  from  the  phenomena  of  rotational  motion  presented 
by  the  surfaces,  applied  mathematical  analysis  to  investigate  the  rotation 
of  rigid  ellipsoidal  shells  enclosing  liquids  and  arrived  at  the  conclusion 
that  the  solid  crust  of  the  earth  must  be  not  less  than  800  or  1000  miles 
thick"   (see  Transactions  of  the  Royal  Society,  1839,  1840,  and  1842.). 

Lord  Kelvin  confirms  this  opinion  and  eroes  farther  when  he  says : 
"  It  has  always  appeared  to  me  that  Mr.  Hopkins  might  have  pressed  his 
argument  further  and  have  concluded  that  no  continuous  liquid  vesicle  at 
all  approaching  the  dimensions  of  a  spheroid  of  6000  miles  in  diameter  can 
possibly  exist  in  the  earth's  interior  without  rendering  the  phenomena  of 
precession  and  nutation  very  sensiblv  different^  from  what  they  are." 

That  the  opinions  about  the  solidity  and  rigidity  of  the  earth  have  not 
changed  during  the  lapse  of  time  can  be  seen  by  consulting  Thomson  and 
Tait's  Natural  Philosophy,  Part  II,  1903,  "  Tidal  Influence  of  the  Sun  and 
Moon  on  the  Earth."  "  Had  the  solid  part  of  the  earth  so  little  rigidity 
as  to  allow  it  to  yield  in  its  own  figure  very  nearly  as  much  as  if  it  were 
fluid,  there  would  be  nearly  nothing  of  what  we  call  tides ;  that  is  to  say  rise 
and  fall  of  the  sea  relatively  to  the  land;  but  the  land  and  sea  would  rise 
and  fall  a  few  feet  every  twelve  lunar  hours.  _  This  would,  as  we  shall  see,  be 
the  case  if  the  geological  hypothesis  of  a  thin  crust  were  true.  The  actual 
phenomena  of  tides,  therefore,  gives  a  secure  contradiction  to  that  hypothesis, 
even  a  continuous  solid  globe  of  the  same  mass  and  diameter  of  the  earth 
would,  if  homogenous  and  of  the  same  rigidity  as  glass  or  as_  steel,  yield 
in  its  shape  to  the  tidal  influences  three-fifths  as  much  or  one-third  as  much 
as  a  perfectly  fluid  globe."  Again  on  page  439  is  found  the  statement: 
"  Rigidity  of  the  earth  unless  greater  than  that  of  steel  would  be  very 
imperfectly  effective  in  maintaining  its  figure  against  tide  generating  force." 
It  is  not  necessary  to  multiply  examples ;  those  who  are  interested  enough  to 
follow  such  a  discussion  farther  will  find  interesting  reading  in  the  following 
articles : 

Result  of  "  Tidal  Effective  Rigidity  of  the  Earth,"  by  Prof.  Simon  New- 
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comb,  see  monthly  notices  of  Royal  Astronomical  Society,  vol.  lii.  No.  5, 
1892 ;  "  Age  and  Solidity  of  the  Earth,"  by  Clarence  King,  formerly  Director 
U.  S.  Geological  Survey,  see  American  Journal  of  Science,  third  series,  vol. 
xlv,  1893 ;  Prof.  George  Darwin  on  "  Tides,"  Transactions  of  Royal  Society, 
1879,   Part  II. 

Enough  has  been  quoted  to  show^  that  scientific  men  are  opposed  to  the 
thin  crust  and  molten  interior  view  and  much  more  to  a  gaseous  interior 
view.  Prof.  Milne  proved  very  conclusively  that  the  earth  is  not  a  globe 
of  gas  with  a  thin  crust.  I  will  quote  from  my  article  on  earthquakes  to 
prove  it : 

"  Distant  earthquake  waves  travel  straight  through  the  solid  elastic 
earth  belozv  the  crust."  This  is  probably  the  most  important  discovery  made 
in  recent  years  in  seismology  and  one  which  the  general  public  and  some  of 
the  writers  of  text-books  have  not  grasped  as  yet.  it  is  doubly  important 
from  the  fact  that  notwithstanding  that  the  study  of  the  different  theories 
about  the  earth  and  its  interior  is  a  very  obscure  subject,  this  proof  of  Milne's 
helps  us  to  eliminate  and  discard  the  thin  crust  and  molten  interior  view 
and  also  the  theory  of  a  solid  crust  and  solid  interior  with  a  pasty  or  viscous 
layer  sandwiched  between   (more  than  all  the  others  does  it  eliminate  from 

Fig.  I. 


discussion  the  thin  crust  and  gaseous  interior  view).  It  is  very  evident  that 
an  earthquake  wave  requires  a  solid  and  elastic  anedium  for  its  propagation 
and  it  could  not  travel  from  Japan  to  England  below  the  crust  through  a 
molten  mass  which  is  not  of  course  solid  or  elastic.  (Much  less  could  it 
travel  through  gas.)  And  it  is  also  very  evident  that  if  we  consider  the 
pasty  layer  view  in  reference  to  this  proof  of  Milne's,  it  will  not  hold  because 
the  earthquake  wave  would  have  to  pass  through  two  pasty  layers  before 
reaching  England,  neither  of  which  is  elastic  or  suitable  for  the  propagation 
of  earthquake  waves. 

Now  what  proof  has  Milne  that  the  earthquake  wave  travels  through 
the  solid  earth  first  and  not  around  the  crust?  Namely  this:  He  says  for 
example  if  an  earthquake  wave  were  to  travel  from  Japan  to  England  through 
the  crust  around  the  circumference  we  would  get  two  messages — the  one 
travelling  through  the  shortest  arc  of  the  circumference  would  arrive 
first  and  the  one  coming  the  longest  distance  would  arrive  later,  because 
the  waves  would  travel  in  both  directions.  Now  as  a  matter  of  fact  we  only 
get  one  message  through  the  solid  earth  travelling  along  the  chord  of  an  arc. 
We  are  indebted  to  articles  by  Milne  and  also  to  an  excellent  interview  by 
Oeveland  Moffett  with  Milne  for  the  interesting  and  popular  way  in  which 
some  of  these  facts  are  set  forth.     For  example : 
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If  an  earthquake  starts  at  A  (Fig.  i)  it  travels  through  the  solid  earth  first 
from  A  to  D  through  the  cord  AD,  also  from  A  to  C  and  A  to  B.  The 
others  and  later  waves  travel  along  the  surface  from  A  B  C  to  D  s.  consider- 
able time  afterward.  It  travels  through  the  solid  elastic  interior  much  more 
rapidly  than  it  does  through  the  fissured  crust.  All  the  waves  from  far 
distant  earthquakes  reach  the  Isle  of  Wight  in  practically  the  same  time  they 
travel  from  Japan,  Borneo  and  Java  to  England — in  about  i6  minutes.  Milne 
says  that  an  earthquake  wave  from  Borneo  reaches  England  in  nearly  the 
same  time  that  one  from  the  West  Indies  does  and  Borneo  is  nearly  2000 
miles  further  away.  1  his  he  says  is  due  to  the  fact  that  the  wave  from 
Borneo  travels  through  the  earth  at  a  much  greater  depth  than  the  wave 
from  the  West  Indies  and  consequently  it  travels  much  faster  because  the 
earth  at  a  greater  depth  is  much  more  elastic  and  rigid. 

Earthquake  waves  that  start  at  the  opposite  side  of  the  globe,  travel 
much  more  quickly  than  those  that  start  on  our  side  of  the  globe,  because 
they  travel  deeper  through  the  more  rigid  elastic  interior.  In  fact  the 
shock  of  a  nearby  earthquake  may  reach  us  through  the  crust,  (/n  view  of 
the  above  facts  that  Milne  has  proved,  can  anyone  conceive  of  an  earthquake 
wave  travelling  through  gas?  In  spite  of  any  theory  or  mathematical  calcu- 
lations, here  you  have  absolute  proof  that  the  interior  of  the  earth  is  not 
gaseous.) 

Lord  Kelvin  regretted  years  ago  that  there  was  not  sufficient  reliable 
data  about  the  velocity  of  earthquake  waves  for  short  distances.  He  said 
it  would  be  invaluable  in  proving  facts  about  the  solidity  of  the  earth. 
Since  he  made  that  statement  seismographs  have  been  invented  and  a  great 
mass  of  data  accumulated  about  the  velocity  of  earthquake  waves  not  only 
for  short  distances  but  from  the  antipodes. 

Mr.  Hixon  says  "  The  gaseous  interior  is  but  a  remnant  of  a  gaseous 
planet  and  must  have  within  it  some  of  each  of  the  gases  which  diffused 
throughout  the  planet  when  in  a  gaseous  condition."  Have  we  any  evidence 
that  this  is  the  case?  It  so  happens  that  we  have  abundant  evidence,  but 
that  it  has  heretofore  been  misapplied  and  misunderstood.  The  gases 
given  off  during  earthquakes  and  volcanic  explosions  have  been  observed 
and  in  the  following  selected  cases  will  show  that  they  play  an  important 
part  in  both  phenomena.  He  then  gives  several  examples  of  earthquakes 
to  show  that  fissures  open  and  discharge  mud  and  sand  together  with  hydro- 
gen sulphide,  sulphurous  acid  and  carbonic  acid. 

Unfortunately  most  of  the  examples  given  of  earthquakes  took  place 
from  100  to  150  years  ago,  before  seismology  was  a  science.  Earthquakes 
have  only  been  studied  scientifically  for  about  50  years.  It  would  be  difficult 
to  prove  the  kind  of  gases  that  issued  from  fissures  150  years  ago,  although 
it  is  possible  that  some  of  the  data  is  correct.  We  have  but  few  reliable 
records  to-day  of  the  various  gases  that  are  said  to  issue  from  fissures  during 
earthquakes,  simply  because  they  are  not  collected  and  analyzed  and  the 
odor  may  not  be  decided.  One  of  the  first  examples  cited  by  him  is  rather 
unfortunate :  "  In  the  month  of  October,  1755,  several  strange  meteorological 
phenomena  occurred  in  the  Spanish  peninsula,  such  as  frequent  halos  around 
the  sun  and  moon,  numerous  luminous  meteors  and  terrific  thunderstorms 
with  much  rain.  The  w^aters  of  both  wells  and  rivers  became  turbid  and 
fetid,  rats  and  reptiles  came  forth  as  if  frightened  and  domestic  animals 
showed  much  uneasiness.  On  the  first  of  the  following  month  of  November 
occurred  the  great  earthquake  of  Lisbon." 

He  says  an  explanation  of  all  these  strange  phenomena  except  the 
luminous  meteors  is  to  be  found  in  the  effect  of  the  escaping  gas,  such  as 
sulphuretted  hydrogen,  sulphurous  acid  and  carbonic  acid  from  the  interior 
as  premonitory  symptoms  of  the  coming  shock.  "  The  cause  of  alarm  of 
all  animals  living  in  burrows  or  holes."  he  says,  "  is  easilv  explained,  as  the 
gases   would    reach   their   smelling   organs    and   alarm   them.     The   same   is 
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are  characteristic  of  a  country  that  is  rising.  We  must  remember  that 
elevation  of  this  character  is  gradual,  about  a  foot  or  two  in  a  century; 
it  is  not  a  sudden  spasmodic  jolting  producing  an  upheaval. 

In  a  discussion  of  gases  that  escape  through  earthquake  fissures  chemistry 
plays  as  important  a  part  as  physics.  If  my  critic  had  consulted  an  ad 
chemistry  he  would  have  learned  that  it  would  be  impossible  for  sulphuretted 
hydrogen  gas  to  come  from  a  gaseous  interior  of  the  earth  and  pass  through 
a  molten  magma  having  a  temperature,  according  to  his  article  on  vol- 
canoes (Journal  of  the  Franklin  Institute,  igo8,  page  299),  of  about 
9000  degrees  Fahrenheit,  or  5000  Centigrade.  Unfortunately  for  the  theory 
he  advances,  sulphuretted  hydrogen  is  not  a  very  permanent  gas  but  is  de- 
composed at  a  low  temperature  about  400  degrees  Centigrade.  We  see  from 
this  that  sulphuretted  hydrogen  could  not  exist  at  such  a  high  temperature, 
hence  could  not  come  from  the  source  he  says.  A  high  temperature  decom- 
poses and  destroys  sulphuretted  hydrogen  so  that  it  is  simply  impossible 
to  come  from  a  gaseous  interior  and  force  its  way  through  a  molten  magma 
of  enormous  temperature.  It  is  out  of  the  question  entirely ;  it  could  not 
exist  at  a  very  high  temperature. 

The  same  facts  hold  true  in  regard  to  sulphur  dioxide.  It  will  with- 
stand a  higher  temperature  than  sulphuretted  hydrogen  without  being  de- 
stroyed, but  not  such  temperatures  as  those  stated.  As  we  pointed  out  before, 
this  gas,  sulphur  dioxide,  is  produced  by  the  combustion  of  sulphur  or 
sulphuretted  hydrogen  near  or  on  the  fissures  of  volcanic  regions,  according 
to  the  simple  reactions : 

2H2S  +  06  =  2H,0  +  2S0a 

It  is  not  a  deep-seated  gas  and  does  not  come  from  the  interior,  as  Mr.  Hixon 
states.  This  is  a  well-known  fact  and  does  not  require  any  farther  state- 
ment, even  if  it  comes  from  the  same  fissures  as  sulphuretted  hydrogen. 

Another  indication  that  it  would  have  been  well  to  consult  chemistry 
before  urging  such  a  theory,  is  found  in  his  article  on  volcanoes  before  re- 
ferred to.  On  page  301  he  says :  "  Before  proceeding  farther  it  is  advisable 
to  understand  what  we  mean  by  steam  at  a  temperature  of  5000  degrees 
Centigrade  and  pressure  of  45,400  atmospheres  which  corresponds  to  a 
depth  of  TOO  miles."  Unfortunately  again  for  the  theory,  steam  cannot  exist 
at  such  a  high  temperature  without  being  decomposed  into  its  two  gases, 
hydrogen  and  oxygen.  H.  Sainte  Claire  Deville  proved  that  steam  under- 
goes decomposition  into  hydrogen  and  oxygen  at  a  temperature  between 
iioo  and  1200  degrees  Centigrade.  This  phenomenon  is  known  as  dissocia- 
tion ;  so  that  the  high  temperature  mentioned  for  steam  in  his  article  on 
volcanoes  is  not  correct.  Steam  is  also  decomposed  at  a  high  heat  by  many 
elements,  metallic  and  non-metallic,  which  combine  with  the  oxygen  ti 
form  oxides.  Even  water  is  decomposed  by  some  elements  at  a  compara- 
tively low  temperature. 

Carbonic  acid  gas,  or  carbon  dioxide,  is  one  of  the  products  of  decom- 
position or  decay  of  organic  matter.  Its  origin  is  well  known  and  seldom 
questioned.  Mr.  Hixon  states  that  it  comes  from  a  gaseous  interior  of  the 
earth  and  passes  through  the  molten  magma  which  has  a  temperature  of 
9000  degrees,  yet  Sainte  Claire  Deville  states  that  this  gas  begins  to  decom- 
pose at  1300  degrees  Centigrade,  and  Mallard  and  Le  Chatelier  say  that 
at  1800  degrees  the  decomposition  is  distinct  and  rapid.  It  is  very  evident 
then  that  this  gas  would  not  come  through  a  magma  having  that  temperature, 
because  it  would  be  decomposed. 

Mr.  Hixon  states  that  it  is  appropriate  that  his  paper  on  earthquakes 
advocating  the  gaseous  interior  view  of  the  earth  should  aprear  in  the 
Journal  of  the  Franklin  Institute,  because  Benjamin  Franklin  believed 
in  the  gaseous  interior  hypothesis.  When  my  late  colleague.  Prof.  Albert 
H.  Smythe  wrote  the  life  of  Franklin  in  ten  volumes  he  showed  me  another 
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life  of  Franklin  which  gave  his  views  about  earthquakes  and  the  interior 
of  the  earth.  He  held  the  thin  crust  and  molten  interior  view.  Professor 
Smythe  pronounces  his  views  very  crude  and  states  that  the  best  of  his 
geological  papers  in  his  letter  to  Abbe  Soulavie  on  the  theory  of  the  earth, 
September  22,  1782  (see  Life  and  Writings  of  Benjamin  Franklin,  by 
Prof.  A.  H.  Smythe,  vol.  i,  p.  54.)  Franklin  says:  "I  therefore  imagine 
that  the  internal  parts  of  the  earth  might  be  a  fluid  more  dense  and  of 
greater  specific  gravity  than  any  of  the  solids  we  are  acquainted  with,  which 
therefore,  might  swim  in  or  upon  that  fluid.  Thus  the  surface  of  the  globe 
would  be  a  shell  capable  of  being  broken  and  disordered  by  the  violent 
movements  of  the  fluid  on  which  it  rested."  Mr.  Hixon's  error  probably 
arose  from  the  fact  that  the  word  "  fluid  "  at  the  present  day  may  mean  a 
liquid  or  a  gas.  During  Franklin's  time  the  meaning  was  more  restricted 
and  it  meant  a  liquid, — for  example,  they  spoke  of  fluidextracts  of  substances. 
Franklin  believed  in  the  thin   crust   and   molten   interior   hypoihesis. 

It  was  Arrhenius  who  first  called  attention  to  critical  temperatures  exist- 
ing within  our  globe  and  thought  the  fluids  w^ould  become  dense  gases  on 
account  of  the  heat  and  slightly  compressible  and  viscous.  Arrhenius 
assumed  a  core  of  gaseous  iron  nucleus  the  dimensions  of  which  are  four- 
fifths  of  the  earth's  radius.  The  reason  for  selecting  iron  or  gaseous  iron 
as  a  nucleus  of  the  given  size  is  that  it  would  account  for  the  density  of  the 
earth  as  a  whole. 

While  the  subject  of  critical  temperatures  within  the  earth  may  be  a 
subject  primarily  for  the  physicist,  and  while  the  facts  that  we  know  about 
critical  temperature  have  been  learned  on  the  surface  of  the  earth,  with 
surface  conditions  and  pressures  at  our  command,  we  are  of  the  opinion 
that  we  cannot  reason  by  analogy  and  say  what  the  conditions  of  gases 
would  be  under  a  pressure  of  200  or  even  400  miles  of  rock.  We  cannot 
conceive  of  such  pressures,  and  while  we  may  have  our  opinions,  as  a  matter 
of  fact  we  know  but  little  about  the  subject.  It  seems  like  begging  the 
question  to  say  the  interior  of  the  earth  is  gaseous  and  on  account  of  the 
enormous  pressure  the  gas  behaves  like  a  solid  and  has  the  properties  of 
a  solid ;  better  say  at  once  that  it  is  a  solid.  In  order  to  favor  their 
hypothesis  they  make  the  gas  have  the  properties  of  a  solid  so  that  the  well- 
known  facts  about  the  rigidity  of  the  earth  and  the  density  also  can  be 
explained.  The  crustal  movements  of  the  earth  would  probably  be  spasmodic 
and  fearful  to  contemplate  if  the  crust  of  the  earth  were  floating  on  a  gaseous 
interior.  Earthquakes  would  be  more  frequent  and  appalling,  and  it  is  not 
likely  that  the  growth  of  mountains  would  be  so  slow  as  it  is  to-day — only 
a  foot  or  two  in  a  century. 

After  the  above  answer  to  Mr.  Hixon's  criticism  on  the  various 
hypotheses  about  the  interior  was  written,  I  learned  that  Prof.  J.  Milne, 
since  he  wrote  his  two  books  on  earthquakes,  has  modified  his  former  views 
about  the  interior  of  the  earth  and  now  inclines  more  to  the  first  view, — 
that  is,  the  thin  crust  and  molten  interior,  parts  of  which  may  be  gaseous. 
An"  one  interested  in  this  subject  has  had  ample  opportunity  to  become 
acquainted  with  Mr.  Hixon's  views  from  his  two  articles  in  the  Journ.a.l 
OF  THE  Fr.'vnklin  INSTITUTE.  In  the  journal  may  be  found  the  opposite 
views  advanced  by  others  and  myself. 

Any  continuance  of  this  discussion  would  seem  unnecessary  as  it  would 
merely  be  a  repetition  of  views  fully  given  in  the  journal.  The  study  of 
the  interior  of  the  earth  is  a  very  obscure  subject  and  will  continue  to  be, 
inasmuch  as  it  is  hidden  from  our  view.  We  will  still  have  to  maintain 
an  open-minded  hospitality  for  new  facts,  until  sufficient  data  is  accumubtpd, 
if  that  time  will  ever  arrive,  to  determine  which  of  the  several  views 
advanced  by  geologists,  physicists  and  astronomers  is  the  correct  one. 

Oscar  C.  S.  Carter. 

[The  views  of  the  contributors  having  been  presented  at  length,  the 
Editors  deem  it  inexpedient  to  devote  additional  space  for  further  discussion.] 
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true  of  dogs  and  aomestic  animals  that  keep  their  noses  on  or  near  the 
ground,  while  man  that  walks  on  his  hind  legs  does  not  think  of  the  gases 
as  coming  from  the  ground  and  is  not  so  quickly  warned  as  the  lower 
animals." 

Modern  meteorology  does  not  recognize  any  connection  between  halos, 
meteors  and  thunderstorms,  and  from  the  phenomena  of  earthquakes  this  is 
too  evident  to  require  proof  and  simply  shows  the  state  of  the  earthquake 
science  150  years  ago. 

It  does  not  require  an  odor  to  drive  animals  from  burrows ;  a  shock 
or  jar  is  sufficient.  Man  to-day  would  probably  recognize  an  odor  that 
would  not  disturb  an  animal.  Perhaps  if  man  was  ever  arboreal  and  ca- 
vorted around  the  tree  tops  he  would  then  fail  to  recognize  it ;  there  doubtless 
are  cases  where  gases  have  driven  animals   from  burrows. 

Prof.  W.  H.  Hobbs  of  the  University  of  Michigan,  an  authority  on  earth- 
quakes, in  his  book  recently  published,  page  78,  says :  "  Fissures  are  chan- 
nels for  the  transmission  of  gases  emitted  at  the  surface ;  such  gases  are 
generally  highly  charged  with  sulphuretted  hydrogen  due  to  the  decom- 
position of  animal  and  vegetable  matter  in  the  soil  and  are  disengaged  by 
the  local  fissuring."  According  to  this.  Prof.  Hobbs  has  very  little  faith 
that  these  gases  come  from  a  gaseous  interior,  as  Mr.  Hixon  believes,  and 
force  their  way  through  a  molten  magma  of  many  feet  in  thickness,  strangely 
enough  without  being  decomposed  by  heat  or  without  combining  with  the 
numerous  elements  with  which  they  readily  form  compounds  even  at  much 
lower  temperatures.  Sulphuretted  hydrogen  would  surely  form  metallic 
sulphides  if  it  passed  through  a  molten  magma,  not  too  hot,  where  many 
elements   were   present. 

It  is  entirely  unnecessary  to  assume  that  these  gases  came  from  a 
gaseous  interior  and  then  force  their  way  through  molten  rock  and  various 
elements  many  feet  in  thickness  and  finally  came  to  the  surface  through 
crevices.  It  is  needless  to  invoke  an  extraordinary  supposition  when  a 
simple  one  will  do.  England's  eminent  astronomer,  Sir  Robert  Ball,  made 
this  clear  when  speaking  about  the  polar  caps  on  Mars,  he  said:  "I  do 
not  mean  to  affirm  that  it  is  universally  admitted  by  astronomers  that  the 
polar  caps  on  Mars  are  really  ice  and  snow  which  they  most  certainly 
appear  to  be.  It  has  even  been  conjectured  that  the  white  material  may  be 
solid  carbonic  acid  gas.  I  must  say  however  that  it  has  always  seemed  to 
me  rather  perverse  to  invoke  so  extraordinary  a  supposition  and  one  without 
any  known  parallel  in  nature,  when  water  is  immediately  available  to  give 
a  most  satisfactory  explanation  of  what  has  been  observed." 

The  tendency  to  give  extraordinary  explanations  of  simple  facts  is  too 
common  in  science  to-day  and  should  be  avoided.  The  decomposition  of 
organic  matter,  that  is,  animal  and  vegetable  matter  in  the  crust  of  the  earth, 
is  sufficient  to  explain  the  formation  and  occurrence  of  sulphuretted  hydrogen 
and  carbonic  acid  gas. 

Milne  in  his  book  on  earthquakes,  page  153,  says:  "The  gas  eruptions 
which  occasionally  take  place  with  earthquakes  are  probably  due  to  the 
opening  of  fissures  communicating  with  reservoirs  or  strata  charged  with 
products  of  natural  distillation  or  chemical  action,  which  previously  had 
accumulated  beneath  impervious  strata.  Of  the  existence  of  such  gases 
we  have  abundant  evidence.  In  coal  mines  we  have  fire-damp  which  escapes 
in  increased  quantities  with  a  lowering  of  the  barometrical  pressure.  In 
volcanic  regions  we  have  many  examples  of  natural  springs  of  carbon  dioxide. 

Volger  has  attributed  the  origin  of  lights  or  flames  appearing  above 
fissures  to  the  friction  which  must  take  place  between  various  rocky 
materials  at  the  time  when  the  fissures  are  opened.  In  confirmation  of  this 
he  refers  to  instances  where  similar  phenomena  have  been  observed  at  the 
time  of  landslips.  At  the  time  of  these  landslips  the  heat  developed  by  fric- 
tion has  been  sufficiently  intense  to  convert  water  into  steam,  the  tension  of 
which  has  thrown  mud  and  earth  into  the  air  like  the  explosion  of  a  mine. 
(O.  Volger,  Unters.  iib.  d.  Phan.  d.  Erdb.,  vol.  iii,  p.  414.) 
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Some  of  our  petroleums  are  highly  charged  with  sulphur  compounds. 
The  Lima  oil,  for  example,  was  worthless  for  illumination  until  a  process 
was  discovered  that  would  eliminate  the  sulphur  compounds.  This  was 
a  deep-seated  unsuspected  oil  found  in  an  old  geological  horizon.  The 
sulphur  came  of  course  from  the  animal  and  vegetable  matter  from  which 
the  oil  originated.  This  is  mentioned  to  show  one  form  of  organic  matter 
containing  sulphur  interbedded  in  the  strata. 

We  believe  that  sulphurous  acid  gas  or  sulphur  dioxide  is  more  likely 
to  occur  in  fissures  near  volcanoes  produced  by  burning  sulphur  or  burning  of 
sulphuretted  hydrogen  which  during  combustion,  forms  water  and  sulphur 
dioxide.  It  is  well  here  to  remember  that  our  stratified  rocks  are  thousands  of 
feet  in  thickness  and  they  were  laid  down  in  ancient  seas  that  swarmed  with 
myriads  of  polypes,  shell  life,  and  fish  as  well  as  other  forms  of  life.  Enor- 
mous deposits  of  vegetable  matter  many  feet  in  thickness  may  be  found 
accumulated  in  the  shallower  waters,  so  that  it  does  not  require  any  extra- 
ordinary supposition  to  explain  the  origin  of  carbon  dioxide  and  sulphuretted 
hydrogen  in  rocky  strata  or  fissures — or  even   in  springs. 

Le  Conte  in  his  Compend  of  Geology,  under  Density  of  the  Earth,  states : 
"  The  mean  density  of  the  earth  taken  as  a  whole  is  5.6,  the  density  of  the 
crust  is  about  2.5,  therefore  the  density  of  the  central  parts  must  be  very 
much  greater  than  5.6.  It  is  probably  not  less  than  15  or  16.  This  greater 
interior  density  is  due  partly  to  a  difference  of  material  (the  denser  settling 
toward  the  centre  while  the  earth  was  still  ^n  u  fused  condition)  and  partly 
to  condensation  by  pressure."  If  this  is  correct  and  the  density  of  the 
interior  is  between  15  and  16,  then  that  interior  is  certainly  not  gaseous. 

An  excellent  opportunity  to  prove  Mr.  Hixon's  supposition  was-  the 
San  Francisco  earthquake.  This  was  investigated  by  Mr.  Gilbert,  of  the 
U.  S.  Geological  Survey,  and  other  able  geologists,  who  reported  the  earth- 
quake due  to  the  slipping  on  the  plane  of  an  old  fault.  The  fault  was 
several  hundred  miles  long,  trending  northwest  and  southeast.  The  move- 
ment which  took  place  along  this  plane  was  horizontal.  In  simple  language, 
there  was  a  fissure  extending  across  California  for  more  than  300  miles 
from  the  southeast  to  the  northwest.  This  fissure  through  ages  became 
filled  and  the  walls  cemented  together.  All  California  geologists  knew  of 
the  existence  of  this  fault  as  well  as  others  equally  large.  The  fault-scarps 
along  the  coast  as  well  as  inland  had  been  photographed  and  the  line  of 
faults  traced  on  the  geological  maps. 

What  happened  was  that  the  fissures  reopened  for  a  distance  of  300 
miles  and  the  walls  slid  horizontally  from  two  to  sixteen  feet,  so  that  a 
fence  crossing  the  fault  would  be  no  longer  continuous  and  part  of  it 
would  be  transported  several  feet  beyond  the  remaining  part.  The  depth 
of  this  fissure  is  unknown,  but  fissures  of  that  length  have  profound  depths. 
The  bed-rock  was  shattered  to  great  depths  and  some  of  the  secondary 
cracks  were  so  wide  that  one  could  look  down  several  yards. 

According  to  his  theory  one  might  have  expected  from  an  enormous 
pressure  at  such  depth  great  volumes  of  sulphurous  acid,  carbonic  acid, 
and  sulphuretted  hydrogen  forcing  their  way  up  from  the  interior  through 
a  molten  gaseous  magma.  From  an  inspection  of  Bulletin  324,  U.  S.  Geo- 
logical Survey,  "  The  San  Francisco  Earthquake  and  Fire,"  we  fail  to  find 
any  mention  of  gases.  According  to  Professor  Lawson,  the  California 
geologist,  page  16,  the  coast  of  California  is  rising,  and  the  seismic  disturb- 
ances whose  record  is  found  on  the  rocks  have  been  produced  by  move- 
ments in  the  process  of  upheaval  and  subsidence,  of  folding  and  faulting, 
which  are  perhaps  greater  along  the  coast  of  California  than  in  any  other 
parts  of  the  world.  Whatever  may  be  the  causes  of  these  movements,  it  is 
apparent  that  the  resultant  stresses  relieve  themselves  by  producing  these 
faults  or  rifts  in  the  earth's  surface. 

Mr.  Lawson  already  states  that  the  coast  of  California  is  rising  and  the 
frequent  earthquakes  are  due  to  the  walls  of  old  fissures  sliding  or  read- 
justing themselves,  or  to  new  fissures  opening.     These  stresses  and  strains 
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{Proceedings  of  the  stated  meeting  held  Wednesday,  September  15,  /pop.) 
Hall  of  the  Fr-^nklin  Institute, 

Philadelphia,  September  15,  1909. 
James  Christie,  Temporary  Chairman. 

Present,  60  members  and  visitors. 

Additions  to  membership  since  last  report,  seven. 

Mr.  Henry  E.  Birkinbine  presented  a  communication  entitled  "  A  Trail 
through  the  Mountains  of  Southern  Mexico  "  and  was  followed  by  Mr.  John 
Birkinbine  who  spoke  on  "  Mexico,  Its  People  and  Its  Industries."  The 
speakers  gave  an  interesting  account  of  the  country,  its  inhabitants,  industries 
and  resources  and  exhibited  numerous  lantern  slides  from  original 
photographs. 

After  thanking  the  speakers  the  secretary  declared  the  meeting 
adjourned. 

James  Christie, 
Secretary. 
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Hall  of  the  Franklin  Institute, 

Philadelphia,  September  i,  1909. 

Dr.  E.  Goldsmith,  Temporary  Chairman. 

The  following  report  was  presented  for  first  reading: 
(No.  2431.)     The  Isostigmar  Lens. — R.  &  J.  Beck,  London.     (An  advis- 
ory Report.) 

In  the  absence  of  a  quorum  the  reports  for  second  reading  were  not 
presented  for  consideration. 

R. 
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Canada,  Department  of  Mines,  Mines  Branch.    Report  on  the  Iron  Ore 
Deposits  at  Nova  Scotia.     (Part  i)  by  J.  E.  Woodman.    226  pages,  illus- 
trations, plates,  maps,  8vo.     Ottawa,  Government  Printing  Bureau,  1909. 
The   report  covers   the   more   important  iron   deposits   of  the  province. 
The  scope  and  economic  importance  of  the  work  may  be  judged  from  the 
detailed  instructions  given  to  the  author,  who  was  requested  to  give  special 
attention  to : — 

Localities  of  iron  ore  deposits  so  far  discovered,  and  names  and 
addresses  of  owners;  history  of  development  of  mines  and  companies  (if 
any);  geological  description;  analyses  of  ores;  in  cases  of  mines  which 
have  been  worked,  output  and  statistics ;  transportation  facilities ;  limestone 
in  neighborhood  of  deposits ;  state  in  general  terms  character  of  forest  in 
neighborhood,  i.e.,  whether  the  supply  is  sufficient  for  mining  purposes  and 
for  the  production  of  charcoal  in  the  event  of  the  introduction  of  electric 
smelting;  maps  of  mines  (and  drill  holes,  if  any). 
The  report  is  divided  into  two  main  parts : 

Part  I  deals  with  the  geographic  relatious  of  the  deposits,  their  mineral- 
ogy and  geology,  and  questions  relating  to  mining  policy,  bounties  and 
mining  laws. 

Part  II  is  entitled  "  Details  of  Iron  Districts,"  and  covers  more  par- 
ticularly the  ores  of  the  Clementsport  basin,  the  Nictaux-Torbrook  field,  the 
deposits  of  Hants  and  Colchester  counties,  the  ores  of  the  Western  Cobe- 
quid  mountains  and  of  Arisaig,  and  the  ores  of  Cape  Breton  and  is  replete 
with  analyses  of  ores,  records  of  bore  holes  and  geological  sections,  and 
other  statistical  data. 

In  view  of  the  present  condition  of  the  iron  ore  industry  of  Canada 
and  particularly  Nova  Scotia,  where  so  much  imported  iron  ore  is  being  used, 
this  report  should  be  of  special  value  to  mining  engineers,  investors  and 
others  interested  in  the  development  of  the  iron  resources  of  this  province. 

R. 

Canada,  Department  of  Mines,  Mines  Branch.     Bulletin  No.  i.     Investiga- 
tion of  the  Peat  Bogs  and  Peat  Industry  of  Canada,  uuring  the  season 
1908-9    by    Erik    Nystrom    and    S.    A.    Anrep.     25    pages,    maps,    Svo. 
Ottawa,   Government   Printing   Bureau,    1909. 
The    importance    of   the   peat    fuel    industry   to    the    central    portion   of 

Canada,  where  coal  fuel  is  non-existent  and  its  importation  so  comparatively 

costly,  requires  no   demonstration. 

The  Department  of  Mines,  Ottawa,  issued  a  year  ago  a  report  on  "  Peat 

and   Lignite,   their   Manufacture  and  Uses   in   Europe,"   with  the  object  of 
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giving  to  Canadians  as  complete  a  review  as  possible  of  this  industry  in 
those  countries  in  which  it  has  been  most  successfully  carried  on. 

This  report  is  now  followed  by  the  above-mentioned  bulletin  which  com- 
prises 25  pages  of  text,  and  includes  6  large  scale  maps  of  the  following 
peat   bogs : 

The  Mer  Bleue,  near  Ottawa ;  the  Alfred  Peat  Bog,  about  40  miles  from 
Ottawa ;  the  Welland  Peat  Bog,  about  6  miles  north  of  Welland ;  the  New- 
ington  Bog,  on  the  New  York  &  Ottawa  Ry.,  and  about  40  miles  from 
Ottawa ;  the  Perth  Bog,  a  mile  and  a  half  from  Perth ;  the  Victoria  Road 
Bog,  about  a  mile  from  Victoria  Road  station  on  the  Midland  division  of  the 
Grand  Trunk  Railway. 

The  bulletin  contains  a  descriptive  report  of  each  bog,  showing  the  loca- 
tion, area  and  structure,  and  giving  an  estimate  of  the  available  supply  of 
peat  fuel  with  records  of  analyses,  calorific  values,  etc.,  and  should  be  of 
particular  interest  to  those  engaged  in,  or  connected  with,  the  development 
of  Canadian  peat  resources. 

A  fuel  testing  plant  is  now  being  erected  at  Ottawa,  in  which  the  value 
of  peat  for  the  production  of  power  gas  will  be  demonstrated,  and  the  De- 
partment proposes  to  carry  on  a  very  thorough  investigation  of  this  subject. 

R. 

Practical  Methods  for  the  Iron  and  Steel  Works'  Chemist.     By  J.  K. 

Heess,  Easton,   Pa.,  The  Chemical  Publishing  Co.,  1908.     60  pages  8vo. 

Cloth,  price  $1.00. 

This  book  groups  together  in  about  60  pages  many  of  the  methods  which 
are  used  in  routine  furnace  and  mill  analysis  with  special  reference  to  de- 
creasing the  time  involved  rather  than  with  reference  to  accuracy.  Unfor- 
tunately the  principles  of  English  have  in  many  instances  been  disregarded 
to  such  an  extent  that  the  meaning  of  the  author  is  obscure. 

The  book  gives  tables  and  general  information  which  will  be  useful  to 
the  steel  works'  chemist. 

R.  J. 

La  Synth ese  des  Pierres  Precieuses.    Par  Jacques  Boyer.    Paper,  30  pages, 

5/^  X  7^  inches,  with  6  full-page  illustrations.     Paris :  Gauthier-Villars, 

1909. 

The  imitation  of  Nature's  method  of  the  production  of  precious  stones 
has  always  been  an  alluring  problem  alike  to  the  alchemist  and  to  the  modern 
exponent  of  synthetical  chemistry  who  has  a  thousand-and-one  refinements 
of  modern  science  at  his  command.  Though  the  latter  has  made  progress 
the  problem  is  far  from  solved.  In  this  little  pamphlet  the  author  gives  an 
historic  outline  of  the  modern  phases  of  the  subject  and  the  present  state 
of  the  art,  describing  the  methods  and  apparatus  of  recent  investigators. 

The  subject  is  discussed  under  three  distinct  divisions:  Synthesis  of 
rubies  and  attempts  at  the  reconstruction  of  the  sapphire ;  Artificial  repro- 
duction of  quartz,  the  opal,  and  the  emerald ;  Synthesis  of  the  diamond — 
which  has  been  reproduced  only  in  minute  sizes. 
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POWER-HOUSE  ECONOMICS   IN  BALTIMORE 

BY 

HORATIO  A.  FOSTER. 

During  the  summer  of  1906  the  service  of  the  United  Rail- 
ways &  Electric  Company  of  Baltimore  had  become  very  much 
troubled  by  serious  though  temporary  failures  of  the  power 
supplv.  The  main  power  station  at  Pratt  street  on  the  harbor 
had  not  been  completed  and  the  smaller  steam  operated  stations 
scattered  throughout  the  city  were  only  adequate  for  small 
amounts  of  power;  the  substations  fed  from  the  central  power 
station  were  not,  at  the  time,  equipped  with  sufficient  machinery 
to  supply  the  output  called  for  without  much  overloading;  the 
cables  connecting  the  central  power  station  with  the  substations 
were  scarcely  heavy  enough  to  carry  the  rapidly  increasing  load, 
moreover  the  Company  was  continually  adding  to  the  service  by 
replacing  old  and  small  cars  with  those  of  greater  carrying 
capacity,  which  demanded  a  much  greater  amount  of  power. 

The  po\\er  station  at  Pratt  street  had  been  most  seriously 

[Note.— The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.] 
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damaged  by  the  great  fire  of  February  19,  1904,  so  that  but  three 
of  the  old  direct  current  units  were  available,  and  those  for  a 
short  time  only,  as  the  city  had  decided  to  take  the  opportunity 
to  widen  Pratt  street,  for  which  purpose  it  appropriated  about 
60  feet  off  the  front  of  the  lot  upon  which  this  damaged  house 
was  situated.  The  new  power  house  to  replace  that  which  was 
destroyed  by  fire  had  been  designed  within  much  shorter  limits 
and  so  laid  out  as  to  accommodate  three  new  5000  k.  w.  recip- 
rocating units,  and  the  three  old  1800  k.  w.  units  still  in  opera- 
tion in  a  temporary  wooden  shed  on  the  old  site  on  Pratt  street. 

At  this  time,  September  i,  1906,  arrangements  were  made 
with  Mr.  L.  B.  Stillwell  of  New  York  to  assume  entire  charge 
of  the  power  plants  of  the  Company,  not  only  for  construction, 
reconstruction,  and  all  necessary  engineering  changes,  but  for 
re-organization  of  the  operating  force  and  the  complete  operating 
of  the  plants  from  coal  supply  to  trolley  wire.  As  soon  as 
practical  a  force  was  organized  under  the  direction  of  the 
writer,  and  the  problem  of  insuring  the  supply  of  power,  as  far 
as  possible,  during  hurried  additional  construction  was  taken 
in  hand. 

The  first  requirement  of  the  power  plant  of  a  street  railway 
system  is  absolute  continuity  of  operation;  the  next,  that  its 
operating  cost  shall  be  as  low  as  compatible  with  continuity  of 
supply,  and  last  that  the  cost  of  construction  shall  not  be 
excessive. 

A  study  of  the  distribution  system  developed  the  fact  that 
there  were  many  points  along  the  road  that  were  very  poorly 
supplied  with  current,  for  in  addition  to  lack  of  power  not 
enough  copper  had  been  installed  during  the  period  immediately 
preceding  to  keep  up  with  the  demand  made  by  the  additional 
and  larger  cars  put  into  service.  In  fact,  the  whole  situation 
was  serious  and  demanded  quick  and  heroic  treatment.  The 
late  General  Hood,  then  at  the  head  of  affairs,  and  Mr.  W.  K. 
House,  at  the  time  General  IManager,  together  with  the  whole 
engineering  force  attacked  the  problem  with  vigor  and 
enthusiasm. 

The  first  thing  demanded,  as  the  holidays  were  fast  ap- 
proaching, was  an  increase  of  the  alternating  generator  plant, 
for  a  reser\'e,  and  an  addition  to  the  cables  connecting  the 
generating  plant  with  the  substations.     Arrangements  had  been 
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made  sometime  previously  for  an  increase  of  plant  in  the  one 
substation  which  was  apparently  much  overloaded.  Fortunately 
a  practically  finished  turbogenerator  of  5500  k.  w.  capacity 
was  found  which  could  be  purchased  and  shipped  in  sixty  days, 
although  through  an  accident  while  testing,  it  was  delayed  more 
than  a  month,  and  contracts  were  immediately  entered  into  for 
a  foundation  for  this  machine.  New  boilers  were  already  under 
way  on  an  old  contract,  and  a  new  high  tension  cable,  contract 
for  which  had  been  let  the  previous  July,  was  hurried  along  and 
installed  on  Christmas  Eve.     Happily  it  was  not  needed. 

With  these  arrangements  completed,  more  time  could  be 
taken  to  study  the  general  situation,  and  the  layout  for  future 
demands  as  well  as  the  immediate  supply  was  given  much 
consideration. 

In  the  summer  of  1906  the  equipment  of  the  United  Railways 
Company  consisted  of  nine  power  stations  and  five  substations, 
as  follows : 

Alternating  Direct 

Current.  Current. 

k.w.  k.w. 

Pratt  street   5,400 

Pratt  street   T5,ooo 

Light  street  2,000 

Carey  street   40o 

Gilmore  street   5oo 

Preston  street    800 

Falls  Road  2,250 

Back  River  424 

Bear  Creek    675 

Owings  Mills   1.080 

Total  capacity  15.000  13.529 

The  five  substations  were  as  follows : 

k.w. 

Druid  Hill,  capacity  of  rotaries   4.S00 

Northern  or  Harford  Road    4.000 

Eastern  Avenue    3.000 

Nunnery  Lane  or  Arlington  1,500 

Dugan's  Wharf,  temporary  3.000 

Total   capacity    16,000 

Of  the  above  mentioned  stations,  those  at  Bear  Creek  and 
Back  River  were  only  used  in  summer  or  in  some  emergency 
where  the  source  of  alternating  current  at  Pratt  street  might 
be  cut  off  for  a  time  long  enough  to  warrant  starting  them 
up.     Bear  Creek,  was  equipped  with  Climax  boilers  and  a  375 
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k.  w.  Westinghoiise  Kodak  macliine ;  a  300  k.  w.  dynamo  belted 
to  a  pair  of  engines  of  which  the  cylinders  and  frame  had  been 
very  badly  wrecked  didn't  count.  The  Back  River  plant  con- 
sisted of  plain  return  tubular  lx)ilers,  with  old-fashioned  Thom- 
son Houston  dynamos  belted  to  high  speed  engines. 

The  station  at  Owings  Mills  is  so  far  from  the  city  as  to 
put  it  out  of  consideration  in  any  central  source  of  supply  of 
current  except  it  might  in  time  be  furnished  from  the  line  from 
McCall  Ferr}'.  It  is  equipped  with  return  tubular  boilers,  one 
Rice  and  Sargeant  engine,  direct  connected  to  a  330  k.  w. 
dynamo,  and  three  high-speed  engines  belted  to  three  150  k.  w. 
dynamos.     The  engines  all  run  condensing. 

Of  the  others.  Light  street  station  is  equipped  with  water 
tube  boilers,  Corliss  type  of  non-condensing  engines  and  500 
k.  w.  belted  dynamos.  H  it  had  been  possible  to  get  condensing 
water  for  this  plant,  its  economy  could  have  been  scarcely  ex- 
celled, as  the  engines  were  of  good  type  and  the  operating  force 
competent  though  small. 

Carey  street  had  Climax  boilers,  and  high  speed  engines  with 
small  belted  dynamos. 

Preston  street  was  equipped  with  water  tube  boilers  and  a 
good  type  of  compound  non-condensing  moderate  speed  engines 
with  belted  generators  of  quite  an  old  type,  which  could  never 
be  made  to  give  voltage  exceeding  550. 

Gilmore  street  was  equipped  with  return  tubular  boilers  and 
high  speed  engines  of  the  Armington  Sims  make  of  quite  the 
oldest  type,  and  belted  generators  of  comparatively  small 
capacity. 

Falls  Road  station  had  Corliss  type,  vertical,  and  Climax 
boilers ;  Corliss  type  of  compound  condensing  engines  belted  to 
comparatively  large  generators.  There  were  also  two  West- 
inghouse  Kodaks  in  an  addition  at  one  end  of  the  building. 
This  station  was  quite  well  equipped,  well  located  to  take  its 
proper  load,  and  being  well  supplied  with  condensing  water 
should  have  been  quite  efficient.  But  it  was  woefully  uneconom- 
ical in  operation,  and  could  never  be  run  at  anything  like  its  full 
capacity  owing  to  the  inability  of  the  generators  to  commutate 
the  current  when  loaded. 

The  central  power  station  at  Pratt  street  is  located  at  the 
land  end  of  a  long  pier  which  extends  a  long  way  into  the 
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harbor.  Water  for  condensing  ])urposes  is  taken  in  on  the  west 
side  and  discharged  into  the  dock  on  the  east  side  of  the  pier. 
Coal  is  unloaded  from  barges  directly  into  the  storage  bins  in 
the  top  of  the  boiler  house. 

This  station  was  equipped  with  five  2,000  k.  w.  direct  con- 
nected generators  on  vertical  compound  condensing  engines  of 
quite  the  latest  type;  one  5,000  k.  w.  generator  direct  coupled  to 
a  double  vertical-horizontal  compound  condensing  engine  and 
three  1800  k.  w.  D.  C.  dynamos  direct  connected  to  vertical  com- 


Pratt  Street  power  station.     A.  C.  control  switch-board. 

pound  condensing  engines.  There  were  twenty  boilers  of  480 
h.  p.  each,  and  more  were  being  added  at  the  time,  as  steaming 
capacity  was  badly  lacking. 

As  to  the  substations,  while  the  total  nominal  capacity  of 
16,000  k.  w.  was  1,000  k.  w.  more  than  that  of  the  generating 
station,  there  was  no  reserve  at  either  point,  and  before  addi- 
tional supply  could  be  installed,  the  generators  of  15,000  k.  w. 
capacity  were  often  called  upon  for  18,000  to  20,000  k.  w.,  while 
the  Druid  Hill  and  Hartford  Road  substations  were  putting  out 
at  times  very  heavy  overloads  and  needed  relief  as  soon  as  it 


320  Horatio  A.  Foster. 

could  be  furnished,  in  fact  a  1,500  k.  w.  rotary  had  already  been 
ordered  for  the  Druid  Hill  substation. 

The  substation  on  Dugan's  Wharf  immediately  in  the  rear 
of  the  Pratt  street  power  house,  had  been  put  there  temporarily, 
following  the  fire,  and  would  be  dismantled  just  as  soon  as 
other  provision  could  be  made  to  supply  its  output. 

A  complete  study  of  the  situation  developed  the  fact  that 
with  the  construction  of  one  new  substation  located  near  the 
center  of  the  city,  the  increase  in  the  size  of  the  substation  at 
Hartford  Road,  the  readjustment  of  the  copper  to  meet  these 
changes,  and  the  addition  of  the  conductors  necessary  for 
putting  the  direct  current  distribution  into  proper  condition, 
the  temporary  substation  at  Dugan's  Wharf  could  be  abandoned, 
the  steam  station  at  Light  street  could  be  shut  down,  all  the 
smaller  steam  stations  could  be  put  out  of  service  and  the  whole 
supply  of  power  would  then  be  developed  at  a  higher  efficiency 
at  the  central  power  house  at  Pratt  street. 

The  supply  of  power  at  the  Bay  Shore  resort  still  remained 
in  question  and  the  great  increase  of  traffic  expected  during  the 
following  summer  called  for  a  supply  which  should  be  positive 
and  continuous. 

One  of  the  most  serious  problems  was  the  design  and 
location  of  a  switchboard  which  would  not  only  take  care  of 
the  output  of  the  machinerv  then  in  use,  and  that  to  be  im- 
mediately added,  but  would  handle  the  power  supply  for  a  long 
time  in  the  future.  Tentative  plans  were  made  showing  pos- 
sible additions  to  the  plant  that  could  be  located  on  the  re- 
mainder of  the  Pratt  street  lot  owned  by  the  Company,  and 
it  was  found  that  an  additional  capacity  of  40,000  kilowatts 
could  be  made.  The  switching  gear  and  structure  were,  there- 
fore, so  designed  as  to  be  easilv  enlarged  to  care  for  this  in- 
crease. During  the  planning  a  contract  was  entered  into  with 
the  McCall  Ferry  Power  Company  for  a  supply  of  10.000  k.  w. 
of  current  from  that  source,  and  the  switchboard  had  still 
further  to  be  arranged  for  the  accommodation  of  this  power. 
As  power  interchange  with  the  Consolidated  Gas,  Electric  Light, 
Heat  &  Power  Company  must  be  kept  always  available,  room 
for  this  was  also  made.  This  required  a  switchboard  which 
would  control  current  from  one  station  in  sight ;  two  out  of 
sight  and   at  some   distance;  water  power  thirty-five  or  forty 


Power-house  Economics  in  Baltimore.  321 

miles  away,  and  a  power  house  located  two  or  three  miles  off. 
The  switchboard  has  been  designed  so  that  if  carried  out  to 
its  ultimate  limit  it  will  be  capable  of  controlling  about  120,000 
k.  w. 

The  duct  problem  then  developed  an  acute  stage,  for  it  was 
with  some  difficulty  that  room  could  be  found  on  the  narrow 
wharves  left  on  either  side  of  the  power  house  to  accommodate 
all  those  needed  to  carry  all  the  cables  made  necessary  by  the 
requirements  above  mentioned.  The  situation  was  much  re- 
lieved, however,  by  changing  the  original  plans  of  placing  the 
three  1,800  k.  w.  D.  C.  units  along  the  north  wall  of  the  newly 
constructed  engine  room  of  the  Pratt  street  power  station,  and 
building  at  this  location  the  switching  structure.  In  addition  to 
this  a  large  vault  was  constructed  in  Pratt  street  under  the 
sidewalk  along  the  front  of  the  building,  into  which  all  cables 
entering  from  the  ducts  on  the  street  are  taken  for  distribution 
to  their  proper  places.  A  more  detailed  description  of  this 
structure  will  be  given  later. 

DIRECT  CURRENT  SW^ITCHBOARD. 

Means  had  to  be  supplied  also  for  handling  the  D.  C.  out- 
put from  the  three  1800  k.  w.  dynamos,  and  again  for  distribut- 
ing the  current  from  this  source  to  a  large  number  of  outgoing 
feeders.  This  was  all  very  satisfactorily  accomplished  by  sus- 
pending a  light  steel  structure  from  the  inside  of  the  east  wall 
of  the  main  power  house,  about  20  feet  above  the  floor,  and 
placing  upon  it  the  necessary  switch  panels  and  instruments. 
The  cables  for  both  machines  and  feeders  are  run  up  back  of 
this  structure  through  ducts  built  up  against  the  wall,  and  held 
thereto  by  a  light  framework  of  steel  and  expanded  metal,  the 
whole  being  plastered  over  to  a  smooth  surface. 

FOUNDATIONS. 

As  considerable  trouble  had  been  experienced  with  a  founda- 
tion for  a  large  reciprocating  engine  which  had  been  installed 
previous  to  our  taking  up  the  work,  much  attention  was  given 
to  this  subject  as  it  came  up.  The  whole  surface  upon  which 
the  new  Pratt  street  power  station  was  built  had  been  occupied 
by  the  one  that  was  burned.     This  site  had  been  piled  all  over 
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its  area  bv  piles  about  four  feet  apart,  the  striuger  pieces  12  x  12 
had  been  bolted  on  top,  two  layers  of  planking,  each  four  inches 
thick  were  placed  over  these  stringer  pieces,  and  the  whole  was 
overlaid  by  a  foot  of  brick  laid  in  cement.  As  the  shaking  of 
the  foundation  mentioned  indicated  that  extra  piling  would  be 
necessarv  in  constructing  additional  foundations  for  the  turbo- 
generator, for  an  additional  5,000  k.  w.  reciprocating  unit,  and 
for  the  two  1,800  k.  w.  D.  C.  units  which  it  was  decided  to 
place  along  the  center  of  the  room ;  the  top  covering  of  brick. 


Pratt  Street  power  station.     Alternator  oil  switch  gallery. 

plank  and  strmgers  was  first  removed ;  then  the  mud  and  silt 
were  excavated  for  a  depth  of  fi\-e  feet  around  the  existing 
piles  and  intermediate  piles  were  driven  between  all  the  rows 
of  those  already  in  place.  In  addition  two  rows  of  sway  piles 
were  driven  around  the  outer  edge  of  each  foundation,  then 
concrete  was  filled  in  about  the  heads  of  all  these  piles,  and  over 
their  tops,  and  ujXDn  this  the  superstructure  of  the  foundation 
was  constructed  of  reinforced  concrete.  In  every  case  tie  rods 
of  steel,  and  keystones  were  left  in  the  concrete,  to  which  the 
adjacent   foundation  was  tied.      All  these  foundations  were  as 
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stiff  as  could  be  desired,  and  110  swaying  of  any  kind  lias  taken 
place  since  they  were  built. 

The  swaying  of  the  first  foundation  constructed  previous  to 
our  contract,  having  become  dangerous  through  breaking  of 
the  steel  rods  with  which  it  \vas  tied  to  another  foundation  across 
the  room,  means  were  taken  to  stiffen  this  up  and  tie  it  to  the 
newer  and  more  solid  structures.  Temporarily  rails  were  used 
for  surrounding  this  foundation  and  tying  it  to  the  mate,  which 
had  been  more  recently  constructed.  This  held  it  as  steadily 
as  could  be  desired.  The  space  in  front  was  then  excavated  to 
the  silt  which  was  in  turn  excavated  to  a  depth  of  several  feet 
as  had  been  the  rest.  Piles  were  then  driven  betw^een  the  other 
piles,  but  in  this  case  all  were  driven  as  sway  piles,  half  leaning 
in  one  direction  away  from  the  shaking  structure,  the  other  half 
leaning  in  the  opposite  direction.  All  the  mud  and  silt  was 
excavated  about  the  foundation  itself,  and  the  frame  of  struc- 
tural steel  which  had  been  used  to  tie  this  to  the  opposite  founda- 
tion was  strengthened  and  used  with  rods  to  still  tie  it  to  the 
same  structure.  Other  frames  of  structural  steel  were  built  in 
between  this  foundation  and  its  mate ;  all  the  tie  rods  which  had 
been  left  in  the  later  built  foundations  were  tied  in,  then  the 
whole  was  covered  in  with  concrete  all  around  to  the  depth  of 
five  or  six  feet  up  to  the  level  of  the  new  basement  floor.  Not 
the  slightest  vibration  is  now  noticeable  in  this  foundation,  and 
the  one  opposite  upon  which  is  placed  one  of  the  1,800  k.  w. 
D.  C.  units  has  also  been  stift'ened  by  the  changes,  so  that  it 
also  is  now  free  from  vibration. 

DOCKS. 

As  the  city  was  about  to  commence  the  reconstruction  of  the 
pier  walls  along  the  wharves  upon  which  the  new  Pratt  street 
power  station  is  located,  and  as  some  trouble  had  been  ex- 
perienced from  the  methods  of  construction  wdiich  had  been 
in  use,  it  was  felt  that  excavating  for  any  such  form  of  con- 
struction would  be  dangerous  to  the  stability  of  the  power 
house,  and,  therefore,  considerable  time  and  study  were  given 
to  methods  of  construction  which  would  obviate  these  dangers 
w^hile  meeting  all  the  requirements.  A  design  was  finally 
adopted  by  the  harbor  engineer,  Mr.  Lackey,  which  it  is  thought 
will  not  only  serve  much  better  as  a  pier,  but  will  permit  the 
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construction  of  electrical  condnits,  and  the  laying  of  water  pipes 
and  sewers  along  the  wharves  without  offering  serious 
obstruction. 

REMOVAL  OF    I,8oO  K.    W.   D.    C.   GENERATORS. 

The  removal  of  1,800  k.  w.  D.  C.  generators  from  the  street 
to  their  permanent  positions  entailed  much  thought  and  labor, 
as  the  supply  of  current  which  they  represented  could  not  for 
a  minute  be  spared.  As  additional  alternating  supply  in  the 
shape  of  the  5,500  k.  w.  turbo-generator  was  available,  one  of 
the  newly  ordered  1,500  k.  w.  rotaries  was  hurried  along  and 
installed  in  the  temporarv  Dugan's  wharf  substation,  in  the 
rear  of  the  central  power  house.  This  furnished  a  supply  of 
current  quite  equal  to  the  output  of  one  of  the  1,800  k.  w.  D.  C. 
generators,  so  that  as  soon  as  one  was  moved  and  connected  up 
another  could  be  shut  down  and  dismantled.  The  installation 
of  this  extra  1,500  k.  w.  rotary  was  of  great  assistance  all 
through  the  period  of  upbuilding  of  the  plant  as  it  was  always 
ready  in  case  of  trouble  with  any  of  the  D.  C.  machines,  and 
was  only  removed  to  its  permanent  location  in  the  central  sub- 
station, on  Lombard  street  after  all  other  machinery  had  been 
in  working  order  for  some  time. 

CENTRAL  SUBSTATION,    LOMBARD   NEAR   PENN   STREET. 

The  location  of  a  station  at  this  point  was  dictated  by 
several  conditions : 

1.  The  overloaded  condition  of  the  Druid  Hill  Avenue  sub- 
station, together  with  the  fast  growth  of  its  load. 

2.  The  length  of  feeders  from  that  station,  which  gave 
relatively  poor  service  at  or  near  their  ends. 

3.  The  great  desirability  of  closing-  the  Light  street  steam- 
power  station  at  an  early  date,  owing  to  its  lack  of  economy 
and  the  impossibility  of  bettering  that  economy,  as  no  con- 
densing water  was  available. 

4.  The  relief  of  the  direct  current  load  on  the  central  power 
plant  at  Pratt  street,  so  that  the  temporary  substation  at  Dugan's 
wharf  might  be  closed. 

In  addition  to  providing  a  much  superior  supply,  the  closing 
of  the  two  stations  above  mentioned  was  expected  to  result 
in  an  annual  saving  of  at  least  $35,000  in  cost  of  operation. 
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Knowing  the  conditions  of  operation  of  the  cars,  and  the 
load  called  for  by  each  line,  it  is  a  simple  mathematical  problem 
to  determine  the  best  location  of  a  power  supply  centre,  but 
the  actual  location  must  of  course  be  governed  by  availability 
of  reasonably  inexpensive  real  estate,  and  of  surroundings  that 
will  not  be  materially  damaged  by  the  location  of  such  a  supply 
station  nearby.  The  actual  mathematically  correct  location  of 
this  station  for  the  existing  requirements  was  found  to  be  just 
west  of   Paca   street   on  Lombard,   and   search   was   made   for 
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available  real  estate  in  that  immediate  neighborhood,  without 
success.  As  requirements  change  year  by  year,  it  is  not  necessary 
to  stick  to  the  exact  centre  of  load,  mathematically  determined, 
so  that  real  estate  officials  were  given  some  leeway  as  to 
location,  resulting  in  the  final  purchase  of  the  ground  upon  which 
this  new  station  is  now  located  on  Lombard  street,  just  west 
of  Penn  street.  The  lot  is  154  feet  deep  from  Lombard  street 
to  Cider  alley,  and  55  feet  wide  from  house  line  to  house  line, 
but  the  building  has  been  constructed  only  48  feet  wide  in 
order  to  have  a  clear  space  all  around  for  five  protection,  and 
to  avoid  any  possible  trouble,  due  to  vibration  of  machinery. 
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The  building  is  of  substantial  brick  construction  on  a  steel 
frame,  and  has  a  concrete  roof  on  steel  girders;  also  concrete 
foundations  and  basement  floor.  All  windows  and  doors  have 
metal  frames  and  covering,  and  the  building  is  amply  lighted 
by  numerous  windows  in  both  ends  and  a  large  glass-roofed 
monitor  running  nearly  the  whole  length  of  the  building.  The 
front  is  of  attractive  appearance,  though  of  simple  design  in 
brick  with  light  stone  trimmings  and  a  metal  cornice.  There  is 
a  small  door  at  the  rear  opening  into  Cedar  alley,  but  the  main 
entrance  is  through  a  large  door  at  the  westerly  end  of  the 
front,  which  opens  into  a  recess  in  the  floor  to  permit  the  backing 
in  of  trucks,  from  which  machinery  can  be  taken  by  the  elec- 
trically operated  travelling  cranes.  Both  in  this  station  and 
the  new  Harford  road  substation  the  cranes  were  put  in  place 
immediately  after  the  completion  of  the  steel  frame  of  the 
building,  so  that  they  were  available  for  use  in  the  installation 
of  all  the  machinery  and  apparatus  of  all  kinds  that  was  erected 
in  these  buildings. 

This  station  is  designed  for  an  eventual  equipment  of  eight 
1500  k.  w.  rotar}'  converters,  or  a  total  nominal  output  of 
12,000  k.  w. 

The  present  equipment  is  being  completed  for  five  of  the 
1,500  k.  w.  rotaries.  There  are  three  static  transfomiers  re- 
quired for  each  rotary,  or  fifteen  in  all.  and  one  extra  trans- 
former has  been  provided  for  use  in  case  one  of  the  regular 
lot  should  become  disabled.  All  the  necessary  switching  gear 
is  provided,  and  it  is  felt  that  this  station  embodies  all  the 
latest  and  best  experience  in  the  design  of  such  plants,  being 
simple  in  design  of  all  connections,  and  location  of  all  switching 
gear  and  apparatus,  so  as  to  insure  the  smallest  possible  risk 
from  fire,  the  least  risk  to  life,  and  surest  continuity  of  service 
together  with  ease  of  handling  and  control  of  the  apparatus  in 
service,  as  well  as  low  cost  of  operative  labor  required.  A 
goodly  sized  storage  battery  is  installed  and  used  to  operate  the 
switches  in  case  the  outside  current  is  cut  off  for  any  cause,  and 
further,  for  supplying  light  for  the  station  at  such  times  as  the 
supply  from  this  regular  source  may  be  stopped.  The  station 
is  wired  for  lighting  in  pipe  in  the  latest  approved  manner,  and 
light  for  the  main  operating  room  is  supplied  from  a  number 
of  Cooper-Hewitt  mercury  vapor  lamps,  affording  a  very  effi- 
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cient  and  economical  sendee.  Two  arc  lamps  are  also  suspended 
just  below  the  monitor,  and  are  so  arranged  as  to  be  auto- 
matically thrown  on  the  storage  battery  in  case  the  regular 
lighting  fails  from  any  cause.  The  basement  is  lighted  by 
incandescent  lamps.  Suitable  toilet  rooms  are  provided  at  the 
front  end  of  the  basement  and  metal  lockers  are  furnished 
for  the  clothing  of  the  operatives. 

The  City  Electrical  Commission  which  lays  all  electrical 
conduits  in  Baltimore  constructed  conduits  and  manholes  lead- 
ing to  and  from  the  building  to  conform  to  the  plans  of  the 
station.  The  supply  feeders  bringing  alternating  current  from 
Pratt  street  power  station  at  a  pressure  of  13,000  volts,  enter 
the  front  of  the  basement  at  the  easterly  side,  and  are  con- 
veyed through  vitrified  tile  conduits  under  the  floor  to  their 
various  locations  along  that  side  of  the  building,  and  are  con- 
nected through  oil  switches  to  the  copper  busbars,  which  are 
located  in  a  brick  structure  laid  up  along  the  easterly  wall  of 
the  basement.  These  busbars  are  there  connected  to  the  static 
transformers  through  other  oil  switches  and  allied  devices. 
The  outgoing  direct  current  cables  for  distributing  the  work- 
ing supply  of  current  to  the  trolley  lines,  leave  the  building  by 
front  and  rear  through  a  line  of  ducts  in  the  basement  laid  along 
the  westerly  wall  of  the  same.-  For  the  present,  and  until  the 
city  duct  system  is  extended,  there  will  be  some  ten  feeders 
(cables)  leaving  the  station  through  the  wall  immediately  in 
the  rear  of  the  distributing  or  direct  current  switchboard,  and 
connecting  with  the  overhead  lines  on  the  north  side  of  Lom- 
bard street.  The  line  to  Curtis  Bay  is  so  long'  that  the  regular 
pressure  of  575  volts  at  the  station  will  not  be  sufficient  at  time 
of  full  load,  so  a  larg-e  "  booster  "  has  been  installed  in  one 
corner  of  the  main  floor. 

All  the  studies  indicate  that  this  station  will  afford  much 
relief  to  the  whole  power  situation  in  the  centre  of  the  city,  and, 
as  mentioned,  save  a  very  considerable  amount  in  the  cost  of 
power. 

NORTHERN,    OR   HARFORD   ROAD,    SUBSTATION    NO.   2. 

Studies  of  the  conditions  at  the  existing  Northern  sub- 
station showed  it  to  be  overloaded,  and  the  load  on  it  fast  in- 
creasing.    All  calculations  indicated  that  the  best  results  as  to 
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supply  and  economy  of  the  same  would  be  obtained  by  enlarging 
this  station,  rather  than  by  starting  another  at  some  other  centre, 
there  being  a  considerable  surplus  of  feeder  copper  already  con- 
nected to  the  station. 

Arrangements  were  therefore  made  for  duplicating  the  ex- 
isting building  as  to  size  and  external  appearance,  although 
keeping  it  separate  in  every  respect;  and  to  equip  it  with  units 
of  somewhat  larger  capacity;  also  to  re-arrange  the  control  of 
both  stations  in  a  somewhat  improved  manner. 


Northern  substation,  No.  2. 


The  building  is  of  brick,  on  a  steel  frame,  with  concrete 
basement  floor  and  building  foundations,  and  concrete  founda- 
tions for  the  rotaries.  This  building  is  designed  to  receive  an 
equipment  of  four  1,500  k.  w.  rotaries,  with  all  necessary  trans- 
fomiers,  switching  gear,  &c.,  but  two  only  are  installed  at 
present.  The  control  of  the  switching  gear  is  for  convenience 
located  in  the  original  station,  in  connection  with  the  control 
and  switching  apparatus  of  that  plant.  This  insures  the  lowest 
cost  of  operation  and,  as  the  new  apparatus  is  for  use  in  con- 
junction with  the  old,  makes  decidedly  the  best  arrangement 
from   an   operating   standpoint.      This    new   station   is   entirely 
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separate  and  distinct  from  the  old,  the  wall  of  the  old  station 
not  even  being  used  as  a  "  party  wall,"  except  as  a  parapet 
above  the  roof.  The  only  connection  between  the  two  is  that 
of  the  cables  carrying  the  direct  current  from  the  rotaries 
to  the  distributing  switchboard  in  the  old  house,  and  the  small 
control  cables  and  connections  from  the  switching  gear,  located 
in  the  new  house,  to  the  control  panels  which  are,  for  con- 
venience of  operation,  located  with  the  others  in  the  original 
station.  The  equipment  and  general  design  is  quite  similar  to 
that  of  the  central  substation,  with  such  variations  as  were 
necessary  for  carrying  the  direct  current  output  of  the  rotaries 
through  the  old  house. 

The  new  house  is  equipped  with  an  overhead,  electrically 
operated  travelling  crane  of  twenty  tons  capacity.  It  happened 
that  the  two  new  rotaries  were  almost  ready  for  operation  at 
the  time  of  the  destruction  of  the  Falls  Road  power  house  by 
fire  on  the  night  of  October  5,  1907,  and,  by  a  little  hurried 
work,  these  machines  were  made  ready  and  connected  to  the 
line  in  time  to  provide  a  fairly  good  service  for  the  lines  deprived 
of  power. 

BAY   SHORE    POWER   STATION. 

Bay  Shore  is  an  amusement  park  located  upon  the  shore 
of  Chesapeake  Bay,  some  fifteen  miles  from  the  center  of 
Baltimore  City,  and  twelve  miles  away  from  the  nearest  sub- 
station, that  at  Eastern  avenue.  During  the  first  season  that 
the  park  was  opened — that  of  1906,  beginning  some  time  in 
August — it  was  supplied  with  power  for  operating  the  cars 
through  a  number  of  low  tension  cables  operated  from  the 
substation  at  Eastern  avenue.  Lighting  was  also  supplied  from 
the  same  source  through  two  three-phase  circuits  running  on 
the  telephone  lines  over  another  route  to  the  park.  The  power 
was  found  to  be  quite  inadequate  as  installed,  the  lighting-  very 
poor  and  uncertain  and  for  both  these  reasons  it  was  felt  that 
it  was  necessary  to  provide  an  absolutely  continuous  supply  for 
the  approaching  season  of  1907,  and  the  studies  indicated  that 
all  the  conditions  could  be  best  met  by  the  establishment  of  a 
power  plant  closely  adjacent  to  the  park  itself.  The  main  con- 
sideration leading  to  this  decision  being  the  prevalence  of  light- 
ning during  the  summer  storms,   to  which  the  long  overhead 
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line  between  the  Eastern  avenue  substation  and  the  Park,  was 
fully  exix)sed.  The  lighting  and  power  for  the  park  as  supplied 
from  Eastern  avenue  w^as  several  times  affected  and  the  lights 
and  power  shut  off  during  an  evening's  entertainment.  The 
price  of  copper  for  the  season  of  1907  also  added  further  argu- 
ment to  strengthen  the  opinion  in  favor  of  the  local  power 
station,  as  it  was  estimated  that  the  cost  of  copper  to  obtain 
the  same  results  would  be  several  thousand  dollars  more  than 
a  whole  new  power  station,  and  would  then  be  subject  to  the 
dangers  from  lightning,  above  mentioned.      Deliveries  of  elec- 
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trical  apparatus  were  so  backward  in  the  spring  of  1907  that 
it  would  have  been  simply  impossible  to  liave  had  this  station 
in  readiness  for  the  season,  and  advantage  was  taken  of  the 
fact  that  the  Company  already  had  considerable  good  steam 
and  electrical  apparatus  in  stations  that  was  not  in  use,  and 
high  class  units  were  selected  from  this  unused  machinery  and 
a  station  was  designed  for  their  reception.  It  was  not  con- 
sidered practicable  to  locate  this  station  close  to  the  Park,  owing 
to  the  smoke  from  its  chimnies,  and  the  first  location  selected 
was  close  to  the  shore  of  the  bay,  along  the  return  railway 
track,  but  the  owner  of  the  property  refused  the  use  of  this 
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point,  as  he  desired  it  for  residential  purposes,  and  insisted  that 
the  station  be  located  at  least  five  hundred  feet  back  from  the 
shore,  which  was  eventually  done — along  the  curve  of  the 
return  track.  A  little  over  an  acre  of  ground  was  purchased, 
so  shaped  as  to  accommodate  the  spur  tracks  for  coal  trestle 
and  station  use,  and  the  building  is  so  located  upon  this  land 
as  to  permit  of  further  extension  at  any  time  should  future 
growth  demand  it. 

After  excavating  to  a  sufficient  depth,  piles  were  driven  to 
furnish  a  firm  foundation  for  buildings  and  machinery,  and  a 
reinforced  concrete  building  of  plain  but  substantial  and  fire- 
proof design  was  constructed.  There  is  nothing  whatever  in 
this  building  to  burn  but  the  window  sash,  frame  and  doors,  and 
if  they  were  entirely  destroyed  that  would  be  practically  all  the 
damage  possible.  Even  the  destruction  by  fire  of  the  wooden 
bulkhead,  which  is  used  for  closing  the  rear  of  the  boiler  room 
in  winter  could  do  no  further  damage.  This  station  is  equipped 
with  two  600  H.  p.  Morin  Climax  boilers,  two  300  h.  p. 
boilers  of  same  make,  one  Westinghouse  Kodak  generator  and 
engine  of  375  k.  w.  capacity,  one  Kodak  generator — same  make 
— 200  k.  w.  capacity,  for  supplying  500-volt  direct  current  to 
the  Park  for  miscellaneous  power  purposes,  and  four  Thomson- 
Houston  200  k.  w.  550-volt  generators  driven  by  belt  from 
four  tandem  compound  Mcintosh  &  Seymour  engines;  these 
generators  being  used  in  connection  with  the  375  k.  w.  Kodak 
unit,  for  supplying  current  for  the  local  section  of  the  railway 
for  a  distance  of  about  three  miles  back.  The  steam  piping  and 
feed  water  system,  which  by  the  way  is  taken  from  a  couple  of 
driven  wells  on  the  property,  one  of  400  feet  and  the  other  of 
600  feet — is  all  so  designed  as  to  provide  against  the  least 
chance  of  shut-down  from  trouble  in  that  direction,  and  in  fact 
the  whole  design  of  the  station  has  been  made  with  a  view  to 
absolute  continuity  of  operation. 

There  is  also  installed  in  this  section  a  new  250  k.  w.  3- 
phase  alternating  current  generator  for  supplying  the  lighting 
at  the  Park  in  connection  with  the  supply  from  the  Eastern 
avenue  substation.  This  generator  can  be  used  alone  or  in 
connection  with  a  line  from  the  Eastern  avenue  substation,  or 
can  be  held  in  reserve  for  use  in  case  of  trouble  on  that  line. 
In  order  to  still  further  insure  continuity  of  this  lighting  supply. 
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a  small  fireproof  building  of  reinforced  concrete  was  erected  at 
the  Park,  and  the  three  75  k.  w.  transformers  through  which 
the  transmitted  current  of  3,300  volts  is  reduced  to  no  volts 
for  the  Park  lighting,  were  removed  to  it  from  a  temporary 
wooden  shed.  The  apparatus  for  this  station  was  increased  by 
one  75  k.  w.  transformer,  a  duplicate  of  the  other  three,  and 
this  has  been  so  installed  as  to  permit  its  connection  to  replace 
any  one  of  the  three  that  should  for  any  cause  be  damaged.  A 
40  H.  p.  motor  generator  is  also  installed  in  this  building  for 
supplying  no  volt  direct  current  to  various  small  appliances 
about  the  Park.  This  power  station  at  Bay  Shore  was  con- 
structed under  numerous  difficulties,  the  machinery  being  in- 
stalled as  soon  as  the  foundations  were  ready  for  its  reception, 
and  without  waiting  for  the  building,  so  that  by  the  time  the 
roof  was  in  place  practically  all  the  machinery  had  been  in 
service  supplying  current  for  the  season. 

DRUID  HILL  SUBSTATION. 

The  ecLuipment  of  this  station  was  increased  by  the  addition 
of  a  1,500  k.  w.  rotary  converter  and  its  transformers,  but  a 
500  k.  w.  machine  was  removed  from  this  house  to  the  sub- 
station at  Nunnery  Lane,  which  is  completed  and  rounded  out 
by  the  addition. 

Two  additional  high  tension  cables  were  added  to  the  two 
existing  cables  connecting  the  substation  with  the  Pratt  street 
power  house. 

The  busbar  pit  for  high  tension  connection  was  much  en- 
larged and  some  of  the  low  capacity  switchboard  panels  on  the 
D.  C.  feeder  side  were  replaced  with  others  of  much  increased 
capacity  taken  from  the  temporary  substation  on  Dugan's  Wharf. 
This  station  has  been  much  relieved  since  the  new  central  sub- 
station on  Lombard  street  was  put  in  full  operation. 

EASTERN  SUBSTATION. 

This  station  was  originally  designed  to  accommodate  six 
rotaries  of  1,000  k.  w.  each.  Only  three  machines  were  in  place 
up  to  the  Spring  of  1908,  when  the  three  1,000  k.  w.  rotaries 
at  Dugan's  Wharf  were  transferred  to  this  station  and  the 
switching  structure  and  control  panels  were  re-arranged  to  care 
for  their  output. 
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RESULTS. 

Owing  to  the  chaotic  condition  of  the  power  equipment  in 
the  summer  of  1906,  including  not  only  that  at  Pratt  street, 
which  was  undergoing  many  changes,  but  to  the  outside  smaller 
steam  operated  plants  as  well,  the  whole  operating  forces  needed 
not  only  weeding  out  but  reorganizing  and  this  was  taken  in 
hand  vigorously. 

The  Pratt  street  force  in  December,  1906,  consisted  of  154 
operators;  this  was  gradually  reduced  during  the  year  until 
in  December,  1907,  there  were  121,  while  the  output  had  in- 
creased by  more  than  750,000  kilowatt  hours.  As  Pratt  street 
took  on  more  power,  the  outside  plants  were  closed,  thus  doing 
away  with  much  labor. 

Many  other  economies  were  introduced  and  much  attention; 
was  paid  to  the  coal  consumption,  that  being  by  far  the  largest 
item  of  expense  connected  with  the  plant. 

CO2  apparatus  was  installed  to  assist  in  the  training  of 
firemen,  and  one  boiler  was  fully  equipped  for  testing  and  many 
trials  were  made  in  order  to  determine  the  best  conditions  of 
load  under  which  to  operate,  and  the  conditions  giving  the 
lowest  consumption  of  fuel. 

In  January,  1907,  the  coal  consumption  per  kilowatt  hour 
for  all  stations  was  4.4  pounds,  while  for  December  of  the  same 
year  it  had  fallen  to  3.2  pounds. 

At  the  Pratt  street  station  the  coal  consumption  for  the 
month  of  January,  1907,  was  quite  abnormal,  being  4.3  pounds 
per  kilowatt  hour,  while  in  December  of  the  same  year  it  had 
decreased  to  3.15  pounds  and  during  the  months  of  July  and 
August  it  was  2.95  and  2.9  pounds,  respectively.  This  con- 
sumption of  coal  fell  to  2.8  pounds  per  kilowatt  hour  in  August,- 
1908.  This  was  owing  to  the  fact  that  nearly  all  the  smaller 
outside  plants  had  been  shut  down,  thus  throwing  the  large 
part  of  the  load  on  Pratt  street  station. 

The  kilowatt-hour  output  of  the  Pratt  street  station  as 
compared  with  all  station  changed  as  follows : 

Pratt  St.  All  stations  Per  cent,  on 

Pratt  St. 

1905  56,266,576  70,031,906  80.0 

1906 70,932,528  87,946,479  80.8 

1907 87,543,846  100,665,951  87.5 

1908   92,412,742  99,345,544  93.0 
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The  consumption  of  coal  per  kilowatt  hour  for  the  several 
years  is  shown  in  the  following  table : 

Coal  in  pounds  per  kilowatt  hour 
Pratt  St.  All  stations 

1905     3-63  3-87 

1906    3.55  3.81 

1907    3-25  348 

1908  3.09  3.28 

The  cost  per  kilowatt  hour  for  all  stations  decreased  dur- 
ing the  year  1907  to  8  per  cent,  below  that  of  1906;  while  for 
the  year  1908  this  cost  had  fallen  some  23  per  cent,  below  that 
of  1906. 

Owing  to  the  fact  that  all  the  power  can  never  be  supplied 
from  Pratt  street  station  solely,  the  cost  per  unit  for  the  whole 
output  will  always  be  somewhat  higher  than  that  for  those 
stations  of  large  size  supplying  all  the  power  that  is  used.  How- 
ever this  cost  will  compare  very  favorably  with  any  of  the 
other  large  plants  in  the  country  which  are  equipped  with 
reciprocating  engines. 

The  power  plants  and  equipment  of  the  United  Railways 
&  Electric  Company  are  now  as  follows: 

k.w. 

Pratt  street,  alternating  current 25,500 

Pratt  street,  direct  current 5.400 

Bay  Shore,  alternating  current  for  lighting 250 

Bay  Shore,  direct  current 1,375 

Owings  Mills,  direct  current 1,080 

Light  street,  direct  current,  reserve 2,000 

Falls  Road,  direct  current,  reserve 75° 

Total  A.  C 25,750 

Total  D.  C,  generators 10,600 

Substations  equipped  as  follows : 

k.w. 

Druid  Hill 5.5oo 

Northern  or  Harford  Road  7,000 

Eastern   Avenue    4,000 

Nunnery  Lane  or  Arlington  2,000 

Central  substation    7,50o 

Total  26,000 

As  the  power  equipment  now  stands,  there  is  one  unit  in 
reserve  in  the  Pratt  street  power  house  and  in  each  of  the  sub- 
stations. 

In    closing,    I    can    do    no   better    than    to    quote    from    an 
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editorial   which   appeared   in   the   Street   Railway  Journal   last 
Spring : 

The  writer  says :  "  There  is  no  task  that  gives  a  finer  scope 
for  engineering  skill  than  the  reconstruction  and  modernizing 
of  an  important  plant  in  full  operation.  Any  kind  of  mediocre 
talent  enables  a  man  to  sit  down  with  a  bunch  of  manufacturers' 
catalogues  and  the  blue  prints  of  a  few  of  their  latest  creations, 
and  lay  out  a  station  that  will  be  gleefully  described  as  "  follow- 
ing standard  practice."  This  bears  the  same  relation  to  en- 
gineering that  stencil  work  does  to  art.  To  take  a  big  system 
and  keep  it  running,  while  its  power  equipment  is  being  turned 
inside  out,  and  to  renovate  it  without  needless  cost,  is  a  task 
of  a  very  different  order." 


EFFECT  OF  OXYGEN  IN  COAL. 

Recent  investigations  by  the  United  .States  Geological  Survey  have 
shown  that  oxygen,  so  essential  to  all  life,  forms  in  coal  an  impurity  that  is 
almost  as  injurious  as  the  ash  content.  The  subject  is,  of  course,  of  great 
importance  to  the  consumer,  whether  he  be  a  manufacturer  using  hundreds 
of  tons  or  a  householder  who  has  to  supply  only  a  furnace. 

David  White,  an  account  of  whose  investigations  on  the  subject  has  re- 
cently been  published  by  the  Geological  Survey  as  Bulletin  382,  was  led  to 
these  conclusions  in  the  course  of  work  undertken  in  an  attempt  to  devise  an 
acceptable  classification  of  the  many  different  sorts  of  coals.  He  states  that 
oxygen  and  ash  are  of  very  nearly  equal  negative  value,  ash  being  probably 
a  little  more  injurious  in  most  coals;  and  that  the  calorific  value  of  coals 
in  general  is  indicated  by  the  balance  between  the  total  carbon  on  the  one 
hand  and  the  sum  of  the  two  great  impurities,  oxygen  and  ash,  on  the 
other.  The  practical  application  of  these  statements  appears  in  considering 
the  effect  of  the  exposure  of  coal  to  the  weather.  The  weathering  of  the 
lower  grades,  especially  lignites,  bituminous  coals,  and  peats,  is  marked  by 
the  accession  of  oxygen,  which  is  taken  into  combination.  This  increase 
of  the  oxygen  content  permits  a  calorific  deficiency,  which,  on  account  of 
the  high  anticalorific  value  of  oxygen,  is  often  serious.  It  is  possible  that 
in  many  cases  considerable  increase  of  oxygen  and  consequent  loss  of  effi- 
ciency are  suffered  by  the  lower-class  fuels  between  removal  from  the  bed 
and  consumption ;  and  it  is  probable  that  in  the  subbituminous  coals,  and 
more  especially  in  the  lignites,  oxygenation  begins  immediately  after  the 
coal  is  blasted  from  the  face  in  the  mine. 

A  comparison  of  the  calorific  values  of  the  car  and  mine  samples  seems 
to  warrant  the  apprehension  that  in  some  cases  at  least  considerable  deterior- 
ation occurs.  The  amount  of  loss  depends  not  only  on  the  kind  of  coal,  but 
also  on  the  conditions  of  loading,  the  kind  of  car,  the  size  of  the  fragments, 
the  weather,  and  the  period  of  transit,  which  for  many  coals  is  over  three 
weeks. 
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DERIVATION  OF  EQUATIONS. 

Consider  now  the  equations  for  the  time-deflection  curve,  on 
the  assumption  of  inelastic  or  dead  impact.  Dr.  A.  Gessner,  in 
a  38-page  pamphlet  entitled  "  Upon  the  Straining  of  Freely  Lying 
Bodies  Through  Impact,"  ^  has  developed  theoretically  the  for- 
mulae for  the  time-deflection  curve  for  beams  supported  at  the 
ends  and  struck  at  the  centre,  and  compared  the  theoretical  values 
thus  obtained  with  the  actual  results  of  his  experiments  upon  cast- 
iron.  His  actual  curves  were  obtained  by  tracings  made  by  a  , 
falling  weight  upon  a  revolving  drum,  in  a  manner  fully  described 
in  his  article.  His  work  is  fundamental,  and  therefore  his  theo- 
retical development  will  be  given  here,  as  follows : 

Let  us  call  the  transposed  mass  of  the  beam  m^.  Then  the 
velocity  after  striking  is 

c  =  (^i — ]v,,  (21) 

For  brevity  call  A  -\-  m^-  =  M. 

Call  the  weight  of  the  hammer  Q  whose  mass  is  A. 

Call  the  weight  of  the  beam  G  whose  mass  is  D. 

At  any  point  of  deflection  of  the  beam  where  y  is  the  amount 
of  deflection,  and  K  is  the  amount  of  work  done  in  producing  this 
deflection,  and  v  is  the  velocity  at  this  point,  the  following  re- 
lations hold : 


and  for  the  instant  of  greatest  deflection 

Ki  =  ^Mc^+Qyi        since  7;  =  o  (23) 

'  "  Uber  die  Beanspruchung  Freiaufliegender  Trager  durch  Stoss."    Wien, 
1906. 
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All  this  reasoning  is  on  the  supposition  that  the  elastic  limit  is 
not  exceeded  and  that  Hook's  law  holds. 
From  the  static  relations 

Call 

48£7^ 

a  constant.     Then 

K,-\f  (24) 

The  greatest  bending  under  static  load  Q  is 

Therefore 

^Mv^-^Mc^  =  Sdy-^'y\  from  (22). 
2 

Differentiating, 

Mvdv=(Sd-Sy)dy  (26) 

But  acceleration  is 

(Py  _  dv 

~df^'"dy 

Substituting  the  values  from  (26), 

M'§  =  SS-Sy 

whence 

d'y^S       S.  ,    - 

df+My-lf^'-  ^^7) 

Integrating  this  equation, 

y  =  C,  sin(/y^)+C3  cos(f^^)+<?. 

But  for  t^  0,  y  =  Oj  and  at  the  same  time  v  =  c. 
Therefore 
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For  t=^  0,  v  =  c. 
Whence 


^       S    ^  M 


Hereby  we  can  express  3;  as  a  function  of  time  t, 

f  ^.=.cos  (y^)+-^{  Vm^^^(VI)} 


(28) 

(29) 

(30) 


Equation  (28)  when  plotted  gives  the  curve  deflection  and 
time,  using  0  deflection  and  instant  of  contact  as  the  origin  of 
coordinates,  for  the  beam  horizontal  and  the  hammer  falling 
vertically. 

Fig.  7. 


These  equations  will  be  in  better  form,  however,  if  referred 
to  the  axes  XY,  whose  origin  is  at  the  deflection  y^  which  would 
be  produced  by  a  static  load  Q.  In  order  to  obtain  this  trans- 
formation it  is  only  necessary  to  make  the  substitutions. 
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for  t  =  T+ts 
for  y  =  Y+ys 
From  equation  (28) 


Whence 


o  =  c^^  sin  {ts  ^J|^)  -d  cos  (ts  ^J^) 

/a=^f  arctan(-^yl)  (31) 

And  from  (29) 

V,  =  c  cos  [u  ^J^)  +^\^  sin  (ts y ^)  (32) 

The  resulting  equation  after  making  the  substitutions  and  re- 
ducing is 

Y  =  vs^J^sin[T^J^)  (33) 

y"i  is  maximum  for 

Yr  =  Vs^J'^-  (34) 

To  eliminate  the  value  of  v\  equation  (23)  may  be  written, 


K,  =  -yi^  =  -Y-+Sdy, 


Whence 


and  since 


Y,  =  ^d'  +  ^  =  '^ylQ'+Mc'S  (36) 

Substituting  values  for  M,  c,  and  S, 
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The  value  for  the  transposed  mass  of  the  beam  m^  is  here  taken 
as  ^2  the  mass  of  the  beam  for  kinetic  energy,  as  being  near 
enough  to  17/35,  ^"^  as  ^  the  mass  for  momentum  in  finding 
the  value  for  c.  According  to  our  reasoning  on  page  252  (Jour. 
No.  1006), the  value  17/35  should  be  used  in  both  cases,  which 
would  reduce  the  equation  to 

or 

It  should  be  remarked  that  the  ordinate  O  —  X  is  obtainable  ex- 
perimentally with  greatest  ease.  All  that  is  necessary  is  to  rest 
the  hammer  on  the  specimen  and  turn  the  drum  with  the  dead 
load  of  the  hammer  on  the  specimen.  The  other  ordinate — ox — 
is  not  easy  to  obtain  with  accuracy. 

From  (15)  the  time  of  one  semivibration  is  evidently 


"Vt'^A' 


which  is  independent  of  velocity  or  height  of  fall.  This  is  true 
only  provided  the  hammer  and  beam  remain  together  as  one 
piece.  This  agrees  with  the  deductions  of  other  authors  (see 
Merriman's  Mechanics  of  Materials,  page  253).  If  the  weight 
separate  from  the  beam,  after  rebound,  the  time  of  one  semi- 
vibration  becomes: 


35«  'um  ^'°^ 

It  will  be  seen  that  this  expression  for  semivibration  is  in 
the  same  form  as  that  for  a  simple  pendulum,  which  is 

./I 

/  being-  the  length.     In  other  words  it  would  vibrate  in  the  same 
time  as  a  pendulum  whose  length  is 

S  48EJ 

The  stress  on  the  extreme  fibre  at  the  maximum  deflection  is, 
from  the  static  relations,  for  beams  of  symmetrical  cross  section: 
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6Ey,h_6Eh  (  Qll^         \6Eh 


Where  h  is  the  depth  of  the  beam. 

It  should  be  noted  in  this  case  where  the  hammer  falls  verti- 
cally, that  the  time  of  actual  contact  is  greater  than  the  time  of 
semivibration  by  the  amount  2^^,  or  time  of  contact  = 


-4. 


S 


h  is  given  by  equation  31,  page  339.  In  horizontal  impact  the 
time  of  contact  is  evidently  the  same  as  that  of  the  semivibration. 
By  a  very  careful  comparison  with  the  cur\^es  obtained  from 
his  experiments  on  cast-iron  beams,  Dr.  Gessner  finds  them  to  be 
practically  identical  to  the  curves  given  by  these  theoretical 
equations.  He  therefore  draws  the  following  conclusions  regard- 
ing cast-iron,  when  the  ratio  of  ^,  is  less  than  34 »  heights  of  fall 
of  1.5  to  5  centimetres.  His  spans  were  50  centimetres  and 
heights  of  section  about  2  centimetres.  The  beams  for  rupture 
were  broken  by  a  single  blow. 

1.  That  the  assumption  of  inelastic  impact  is  generally  cor- 
rect. The  curves  show  very  plainly  a  sharp  change  at  the  instant 
of  impact.  Elastic  deformations  show  themselves  by  vibrations 
of  the  hammer  causing  the  tracing  to  be  wavy.  It  is  difficult  to 
correctly  limit  the  application  of  the  above  formulae. 

2.  The  assumption  that  the  form  of  the  curve  of  the  axis  of 
the  beam  is  the  same  under  impact  as  under  static  loading  is  also 
practically  correct. 

3.  The  assumption  that  within  the  elastic  limit  Hook's  law 
applies  in  impact  as  well  as  static  loading  holds  good. 

4.  The  loss  of  energy  to  the  anvil  due  to  vibrations  is  a  very 
important  consideration  in  impact  tests,  especially  in  compression 
tests.  In  beams  with  proper  span  probably  none  of  the  pressure 
of  the  first  instant  during  which  the  local  deformation  occurs 
reaches  to  the  supports,  as  the  time  is  too  brief.  The  pressures 
on  supports  during  the  further  bending  probably  vary  directly 
with  that  on  the  point  of  contact,  and  when  no  abnormal  relations 
exist,  give  rise  to  practically  no  loss  of  energy. 
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With  reference  to  the  special  case  of  his  tests  upon  cast-iron 
beams  Dr.  Gessner  draws  the  following  final  conclusions : 

1.  The  values  for  the  breaking  work  as  likewise  those  for 
the  total  deflection  in  bending,  which  are  obtained  by  static  and 
dynamic  tests  of  the  material,  differ  but  little  from  each  other. 

2.  Since  the  specimens  of  cast-iron  experimented  upon  were 
of  fairly  high  grade  it  is  not  impossible  that  for  poorer  quality 
as  likewise  also  for  hardened  pieces,  the  impact  tests  might  give 
smaller  values  than  the  static  tests. 

3.  That  characteristics  of  material  shown  in  static  tests  are 
also  shown  with  the  same  degree  of  clearness  in  the  impact  tests. 
This  establishes  the  principle  that  impact  tests  are  very  well 
adapted  for  the  determination  of  the  quality  of  the  material. 

4.  The  remaining  energy  in  the  weight  after  breaking  the 
beam  should  not  exceed  30  per  cent,  of  its  initial  energy,  and 
the  weight  of  the  hammer  should  be  at  least  four  times  the 
weight  of  the  specimen. 

Before  undertaking  the  experiments  the  same  author  made 
a  study  of  previous  experiments  and  briefly  sums  up  the  main 
points  as  follows: 

1.  The  surest  means  of  obtaining  indisputable  figures  lies  in 
the  exact  measurement  of  the  breaking-work,  that  is,  that  energy 
which  is  needful  to  break  the  stick  in  one  blow. 

2.  The  amount  of  bending  or  total  deflection  of  the  specimen 
at  break  is  likewise  an  indication  of  the  quality  of  the  material. 

3.  Both  these  quantities  are  rightly  measured  only  when  the 
expended  work  of  impact  exactly  corresponds  to  that  energy 
which  is  necessary  to  rupture  the  specimen.  The  ideal  fall,  such 
that  the  energy  of  the  hammer  is  just  sui^cient  to  bring  the  speci- 
men to  rupture,  can  naturally  only  be  reached  by  trial.  Through 
over-massive  heavy  blows,  totally  false,  wholly  different  results 
are  obtained,  for  in  such  cases  the  loss  through  local  effects,  de- 
formations of  the  hammer,  and  shaking  of  the  machine  reach 
a  value  which  entirely  obscures  the  result  sought  after. 

4.  The  testing  of  the  specimen  by  means  of  increasing 
heights  of  fall,  as  also  by  repetition  of  blows  from  the  same  height 
which  are  insufficient  to  cause  rupture,  shows  no  new  feature. 
The  experiments  are  thereby  rendered  only  circumstantial,  the 
errors  are  multiplied,  and  the  judgment  of  their  influence  upon 
the  result  is  made  difficult. 

5.  The  arrangement  of  the  experiment  with  one-sided  fast- 
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ening  is  not  to  be  recommended.  The  break  occurs  in  the  vicinity 
of  the  clamped  section,  in  which  place  the  resistance  to  strain  is 
greatly  weakened  by  the  clamping,  and  it  is  not  a  good  arrange- 
ment for  many  reasons. 

Upon  the  basis  of  the  foregoing  principles  the  main  part  of 
his  experiments  were  carried  through.  Specimens  were  freely 
supported  at  two  points,  and  broken  by  a  single  blow  of  the 
proper  energy. 

Thus  far  the  discussion  of  the  tests  has  dealt  only  with  beams, 
supported  at  the  ends  and  struck  by  a  blow  at  the  centre.  The 
same  principle  of  reasoning  applies  to  compression  or  tension 
tests.  In  this  case,  however,  the  distinctions  between  the  first 
period  of  impact  causing  the  local  compression,  and  the  subse- 
quent period  in  which  the  deformation  of  the  entire  specimen 
occurs  are  not  so  clear  of  comprehension,  since  the  two  effects 
are  involved  in  one.  In  this  case  the  local  deformation  if  elastic 
becomes  simply  a  longitudinal  vibration  traversing  the  length  of 
the  specimen.  If  the  length  of  the  specimen  and  the  velocity  of 
transmission  of  sound  in  the  direction  of  impact  be  such  that  the 
reflection  of  this  vibration  occur  isochronously  with  that  of  the 
rebound  of  the  entire  specimen,  we  have  again  the  case  as  in  the 
beams  of  complete  restoration  of  energy  to  the  hammer  and  the 
specimen  remaining  without  vibration.  On  the  other  hand,  if 
the  opposite  phase  of  this  vibration  occur  at  departure,  we  have 
a  condition  of  minimum  restoration  of  energy  to  the  hammer 
and  maximum  vibration  retained  by  the  specimen.  Both  these 
cases  are  perfect  elastic  impact  and  are  the  limiting  possibilities. 
Inelastic  or  dead  impact  lies  between  the  two.  It  must  be  under- 
stood that  the  terms  "  elastic  "  and  "  dead  "  impact  refer  only  to 
the  local  deformation  and  not  to  the  action  of  the  specimen  as  a 
whole,  which  acts  as  a  "  cushion  "  between  the  hammer  and  the 
anvil,  as  explained  on  page  243. 

In  the  case  of  a  long  prismatic  bar  struck  upon  the  end,  the 
entire  energy  of  the  blow  may  be  taken  up  in  the  vibration  due 
to  local  compression. 

Let  us  suppose  two  such  bars  to  strike  end  to  end.  Let  IJz 
be  their  lengths,  zt\W2  their  weights  per  unit  of  length,  S^  and 
6*2  the  velocities  of  transmission  of  sound  longitudinally,  respec- 
tively.   Suppose  -1    less  than   ^^    and  S^  n\  less  than  S^  w^,  then 
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M.  de  St.  Venant  (1867)  has  shown  that 


where  k  is  the  ratio  of  the  velocity  of  recoil  to  that  of  approach. 
If  the  two  bars  are  exactly  alike,  this  equation  shows  k=  i,  or 
the  energy  of  rebound  is  equal  to  that  of  approach,  as  with  iso- 
chronous elastic  impact.  For  the  same  material,  when  w^  =  W2 
and  Si  =  So,  this  formula  reduces  to 

k=j,  simply 

which  signifies  that  the  velocity  of  recoil  from  the  common  centre 
of  gravity  of  the  two  is  the  same  as  though  the  shorter  bar  struck 
one  of  its  own  size.  In  other  words,  if  the  initial  velocity  of 
the  longer  bar  be  zero,  the  velocity  of  the  shorter  bar  after  impact 
would  always  be  reduced  to  zero  (see  an  article  in  The  Engineer, 
London,  for  Feb.  15,  1867).  The  equation  for  the  velocity  of 
sound  in  a  body  is  well  known, 

5=    /il 

\  w 

where  E  is  Young's  modulus  of  elasticity  in  the  direction  of 
transmission  and  w  is  the  weight  per  unit  volume. 

COMPRESSION  AND  TENSION. 

Taking  up  now  the  theoretical  equations  for  impact  in  com- 
pression or  tension  of  a  specimen  fixed  rigidly  at  one  end  to  an 
anvil,  so  that  the  body  acts  as  a  "  cushion  "  between  the  hammer 
and  the  anvil,  as  heretofore  explained ;  we  will  assume  the  case 
of  dead  impact,  and  that  the  velocities  of  the  particles  are  pro- 
portional to  their  distances  from  the  fixed  end,  c  being  the  velocity 
of  the  point  of  impact.    Then 

X 
V  =  Cj. 

The  hypothetical  transposed  mass  m^  placed  at  the  point  of  im- 
pact is  then  derived  as  follows : 

m^c^=    I    mc^j^dx=       c^  (42) 


Theory  of  Impact.  345 

Whence  m    =  ^^    or  one-third  the  total  mass  of  the  specimen. 
"  3 

Whence,  following  similar  reasoning  to  that  applied  to  the 

beams, 

._  (^A^)  v,,=  (^A^)  V.  (43) 

The  work  stored  in  the  specimen  at  any  deflection  y  is,  from  the 
static  relations, 

K  =  ^f  '       (44) 

2/ 

Let  5  =  ^  =  -T-  =  constant  (45) 

a  being  the  cross-sectional  area  of  the  specimen.     The  greatest 
deflection  under  a  static  load  of  Q  is 

S~f4  (46) 

Ea     0 

The  formulse  given  in  pages  336  to  341  may  be  followed 
throughout  with  these  values. 

The  time-deflection  curve  referred  to  ordinates  passmg 
through  the  deflection  produced  by  static  load  of  Q  is  therefore 


Y 


The  time  of  one  semivibration  (with  hammer  and  specimen 
acting  together)  is  evidently 

Compare  with  equation  (39)  ^ 

After  separation  of  the  weight  from  the  specimen,  the  time 
of  vibration  of  the  specimen  alone  is 

.Jip-^rJ^  (5.) 

\  gEa         V  2>Ea 
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To  eliminate  v^  from  equation,  as  before 


and 


^'-iV'+(ra)/X^^  (5^) 


The  stress  per  unit  of  area  is  then 


It  should  be  noted  here  also,  as  in  the  case  of  the  beams,  that 
when  the  weight  falls  vertically  the  time  of  actual  contact  before 
rebound  occurs,  is  greater  than  2T1,  by  the  amount  2t  f,,  given 
by  equation  (21)  page  336.  The  time  of  vibration  in  this  case  of 
direct  compression  or  of  tension  is  the  same  as  that  of  a  simple 
pendulum  whose  length  is 

5  Ea 

DERIVATION   OF  THE   TIME-DEFLECTION   EQUATION. 

The  equation  between  time  and  deflection  rhay  be  derived 
more  simply  as  follows,  but  the  result  is  in  a  less  convenient  form. 
We  will  use  the  same  notation  as  before. 

t-ad-     [^        ,      (C     l^\ 
^,-ad-y^arctan(^y-j 

M 


=v 


^arccos\^^/M^,^^3 
y-d 


Cd-V  fare  cos  ^/M^3_^^, 

Let  us  consider  first  the  case,  which  is  the  more  complicated, 
where  the  hammer  falls  vertically  so  that  the  energy  Qy-^  is  added 
to  its  energy  at  instant  of  contact. 
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Equating  the  kinetic  and  potential  energies  at  any  point  of 
deflection  y, 


Whence 


M'-+Qy  = 1 — y 


^^_Mc'  +  2Qy~Sf 


But 


hence 


and 


dy 
It 


dy 
~dt 


lMc^  +  2Qy-Sy^ 
\  M 


dt  =  dy- 


4 


'M 


^Mc'  +  2Qy—Sy' 
From  (6i),  at  maximum  deflection  y^  v=^o. 

Mc^  =  Syj^—2Qyi,  or  since  Q=sd, 
Mc^=Syi'-2Sdy, 
Equation  (64)  may  then  be  written  in  the  form 

dy 


dt  = 


yi-' 


M     y^-d       \y-dj 


(61) 
(62) 


(63) 


(64) 


(65) 


(66) 
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Integrating  which  gives 


t  =  — -\/  w  arc  versin  (~ — ^j  +Ci  (66a.) 


To  find  Ci  we  have  for  t^^o,  y  =  o. 
Hence 


M 
0  =  — - 


Whence 


y -^  arc  versin  (^)+C, 
C,  =  y  ^  arc  versin  (^—^j 

^  =  y  ^  arc  versin  [-^^^  -^  ^  arc  versin  (^)      (67) 


or  in  terms  of  cosine 

IM 
V5 


^  =  A/  -.  arc  cos  [y_^)  - yj  ^  arc  cos  (^;— ^ j  (68) 


From  (65) 


y^  =  d±^l~c'+d'  (68a.) 

The  sign  of  the  radical  being  +  for  values  below  the  horizon- 
tal and  —  above.  Hence  for  values  below  the  horizontal,  equation 
(68)  becomes 

I'm  /         -5        n         /M  /         y-d     X/<  X 

t  =  \    -^arc  cos  /  —  -  \  —  A '  ~o  ^rc  cos  /  \(6q) 

The  first  member  in  these  three  equations,  which  is  the  constant 
of  integration,  represents  in  the  time  required  from  contact  to 
maximum  deflection,  shown  as  ad  in  the  figure,  the  cosine  is  nega- 

tive  in  the  equation  showing  the  arc  to  be  greater  than  —,   which 

is  also  evident  from  the  figure,  knowing  that  the  line  be  at  deflec- 
tion of  d  due  to  the  static  load  Q,  is  the  centre  of  vibration.  This 
is  shown  in  equation  (68)  by  making  y^y^^. 

The  second  member  of  the  equation  represents  the  time  from 
the  time  of  deflection  3'  to  the  maximum  Vi,  shown  by  cd  in  the 
figure,  the  difference  of  the  two  being  the  time  t. 
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By  making  y  =  d,  the  time  of  deflection  t^  is 
ts=^J^  arc  cos[^)-'^^J 


M 
S 
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(70) 


From  the  foregoing  remarks  it  is  clear  that 


:V 


M 
S 


is  the  time  for  half  a  semivibration,  as  is  also  evident  from  bd  in 
the  figure. 

Equation  (70)  may  be  written 


ti 


=v 


M  ^  c 
-^  arc  tan  ^ 
o  0 


Vf-:V 


M 
S 


Which  is  the  same  as 

^5 


=  ^Marctan(^y|) 


(71) 


which  is  identical  with  equation  (31)  page  339. 

The  formulae  work  out  more  simply  if  the  origin  for  time 
be  taken  at  the  point  of  greatest  deflection  y^^  instead  of  at  instant 

Fig.  9. 


of  contact,  a;  for  turning  back  to  equation  (66a.)  we  then  have 
for  ^2  =  0,  y=^  3/1  whence  the  constant  of  integration  becomes 
0  and  the  equation  for  time  deflection  becomes : 


--V 


M 


arc  cos 


(72) 
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From  which  equation  the  same  results  as  before  may  be 
determined.  This  moreover  gives  us  a  ready  means  of  disentang- 
ling y  from  the  function,  and  writing  the  equation  as  follows  in 
direct  terms  of  y  and  ^2  • 

y  =  {yi~^)<^os  {t^^  ~)+d  (73) 

Moreover,  if  we  take  the  origin  for  y  on  the  line  he  (Fig.  8)  so 
that  the  new  origin  of  ordinates  is  O2,  in  the  figure, 

Whence  equation  (  73 )  becomes : 

y2  =  iyx-^)  cos  (^2  y  ^)  (74) 

Substituting  the  value  for  y^  from  equation  (68a) 


2t. 


>'2=±  cos(/2y  ^)xy  ^c2+<5^  (75) 

The   new   co-ordinates   are   shown   in   Fig.   9   for  clearness. 

The  time  of  contact  will  be  two  times  the  value  of  /g  ^or 
3'2  =  — d,  which  is  for  3'  =  o. 
From  equation  (72)  this  is 

=  2y'^arccos(^--^)  (76) 

Which  is  the  same  as  twice  the  first  member  of  equation  (68) 
already  discussed. 

The  time  of  a  semivibration  will  be  two  times  the  value  of  ^2 
for  y2  =  o  which  is  for  y=d  and  equation  (72)  gives 

71   I'm        IM 

which  is  also  the  same  as  before. 

From  the  static  relations,  within  the  elastic  limit,  the  maximum 
fibre  stress  may  be  found : 
In  bending 

p_6hE 


{..^p.») 
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P.  =  fx^-§{i  +^i  +i|x2gi/)  (78) 

^'-SJV-^^J'+JQ  +  WGW) 

The  last  is  identical  with  equation  (41)  page  341. 
In  compression : 


Pr- 

E 

-I- 

I 

r 

(79) 

Pc- 

x+|x. 

^■gH) 

(80) 

p,= 

4( 

'^+\i 

/        aEX2gH' 

\ 

(8i> 

The  last  is  identical  with  equation  (53)  page  346. 
The  work  performed  is 

K,  =  \y,'  (82) 


3^.  =  |(i+V^+|^^^)  (83) 


from  equation  (68a). 

Equation  (75)  is  doubtless  the  best  form  for  expressing  the 
fundamental  relations  of  time  and  deflection. 

//  the  impact  he  horizontal,  the  term  Qy-^  is  eliminated  from 
the  energy  of  the  hammer,  and  the  equations  are  very  much 
simplified.  They  are  as  follows,  using  the  same  number  for  easy 
reference  with  a  subscript  c : 

c^         v^      S 
M-  =  M--+    y'  (6ic) 

222 

,     Mc^-Sy^ 


M 


dt     -'^—-^_ (63c) 
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dt  =  dy-===^^-^X~-==  (66c) 


S 
'M  .    y      rs 


M    2  2 


t  =  ^  ^  arc  sin- ^l^  +  C 
Or  since  from  (65-c), 


M 
5 


f  =  -W -=r  arc  sinf— j +Ci  (66a-c) 

For  t  =  o,  y=o,  whence  Ci=o 
Therefore  the  equation  is  simply 

t  =  \  -^  arc  sin  (  ^  j  (68c) 

From  which. 


and  since 


y  =  y,sm(t^lj^)  (68^c) 


M 
S 


y  =  c-yjfsm(t^^)  (68^c) 

The  time  of  contact  is  in  this  case  the  same  as  that  for  a  semi- 
vibration,  and  is  two  times  the  value  for  t  when  y  =  y^^.  From 
(68c) 

n     [M  [M  ,       , 

2ii  =  2X--y/ -^-=7ry -^  (70c) 

which  is  exactly  the  same  as  we  found  for  vertical  impact  equation 

There  is  no  advantage  in  transposing  co-ordinates  in  this 
case,  but  for  the  sake  of  uniformity  we  will  do  so. 

7:   I'm 

t^  =  t-t^  or  t  =  t2  +  h  =  t2  +  -yl  -J 
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Placing  this  value  in  equation  (68c) 

Tt   [m      [m       ■   ( y\ 


Whence 


and 


y 

The  time  of  contact  or  semivibration  is 


it^ioT  y=o  =  7z-J  ^-,  SLsin  (toc),  (76c) 


The  maximum  fibre  stress : 

In  bending, 

P.- 

rs 

In  compression  or 

tension, 

Pc  = 

fx 

I'M 

The  work  performed  is 

K,= 

s 

(78c) 


(80c) 


(82  c) 


There  is  no  transformation  for  the  y  ordinate  in  this  case. 

Equations  (75)  and  (75c)  may  be  taken  as  the  fundamental 
equations  of  the  time-velocity  curve,  for  vertical  and  horizontal 
impact  respectively,  with  the  origin  of  co-ordinate  taken  at  the 
time  of  maximum  deflection  and  at  a  deflection  in  the  former  case 
produced  by  the  static  load  of  the  hammer,  and  zero  deflection 
in  the  latter  case ;  provided  always  that  the  hammer  and  specimen 
remain  in  contact,  with  inelastic  local  deformation. 

These  formula  apply  equally  in  the  case  of  direct  compression 
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or  direct  tension,  only  that  the  values  of  the  constants  M  and  5" 
are  different. 

For  compression  or  tension 

WTiile  for  the  beams  they  are 

M = (^  +  iiD )  =  ^^-ii^ 
g 

Where  Q  =  weight  of  hammer,  G  weight  of  specimen. 
g  =  acceleration  due  to  gravity. 
E  =  modulus  elasticity. 
a  =  cross-sectional  area. 
/  =  moment  inertia  of  cross-section. 
/  ^  length  of  span. 

D  =  mass  of  specimen 

g 

ELASTIC  LIMIT  UNDER  IMPACT. 

From  equations  (78c)  and  (80c)  it  is  seen  that  for  horizon- 
tal impact,  the  stress  varies  directly  with  the  velocity  at  impact, 
other  things  being  constant  for  a  given  specimen,  on  the  assump- 
tion that  the  stress  is  proportional  to  the  deflection.  The  elastic 
limit  of  the  specimen  is  therefore  the  point  where  the  actual  curve 
of  the  tracing  diverges  from  the  theoretical  curve.  This  may  be 
found  by  plotting  the  two  curves  to  scale.  The  result  is  apt  to 
be  indefinite,  however. 

A  more  definite  result,  though  open  to  the  objection  as  to 
whether  the  elastic  limit  under  repeated  blows  differs  from  that 
under  a  single  blow,  is  obtained  by  plotting  the  deflections  pro- 
duced by  successive  blows  of  gradually  increasing  heights  against 
the  velocity  of  the  hammer  at  first  contact.  This  ratio  will  evi- 
dently be  constant  up  to  the  elastic  limit,  when  it  will  begin  to 
increase. 
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In  vertical  impact  the  latter  method  will  not  be  correct,  as  is 
evident  from  equations  (78),  (80),  and  (83).    The  value 


((y.; 


•5       V 


plotted  against  the  velocity  squared  or  the  height  of  fall  H  should 
be  used  in  this  case.  The  square  of  the  deflections  against  the 
height  of  fall,  however,  will  give  approximate  results. 

Recapitulation    of    Some    of    the    More    Important 
Deductions  from  the  Theory  of  Impact. 

I.  general  laws  of  impact  between  two  free  bodies  whose 
masses  are  a  and  B. 

1.  The  two  bodies  form  a  system  the  motion  of  whose  mutual 
centre  of  gravity  can  be  altered  only  by  a  force  external  to  the 
system.  It  is  not  altered  by  any  kind  of  impact  between  the 
two  bodies.    The  velocity  of  the  mutual  centre  of  gravity  is 

A+B 

2.  Assuming  the  motion  oi  A  and  B  to  be  along  the  line  join- 
ing their  centres,  and  no  loss  of  energy  to  occur  by  impact,  their 
final  velocities  relative  to  their  common  centre  of  gravity  will  be 
the  same  as  their  initial,  but  in  the  opposite  direction,  the  internal 
energy  of  the  system  remaining  the  same.  If  they  do  not  re- 
bound, but  "  fall  dead."  upon  impact  the  united  mass  then 
continues  with  the  velocity  V,  but  the  internal  energy  has  en- 
tirely disappeared  as  velocity,  being  converted  into  vibration, 
heat,  etc. 

3.  The  change  in  momentum  of  the  two  bodies  is  brought 
about  by  the  action  of  a  mutually  repellent  force  F,  which  is  the 
direct  result  of  the  elastic  compression  of  the  material  of  which 
the  bodies  is  composed  or  of  a  "  cushion  "  between  the  two 
bodies.  This  cushion  may  be  an  intermediate  substance  or  it 
may  be  electrical  or  similar  stress.  In  any  case  the  force  F 
must  require  time  in  which  to  act,  consequently  contact  between 
two  incompressible  bodies  is  a  fallacy  of  conception.  The  in- 
tensity of  this  force  at  any  instant  is  equal  to  the  change  in 


356  Harry  D.  Tiemann, 

momentum  produced  divided  by  the  time  required  to  produce 
the  change : 

„     dv 
at 

Momentums  must  be  considered  with  reference  to  the  motion  of 
the  mutual  centre  of  gravity  of  the  two  bodies,  or  with  reference 
to  some  point  external  to  the  system  having  uniform  or  zero 
motion. 

II,    THE  RELATIONS  OF  THE  SPECIMEN   UNDER  TEST  TO   THE 
GENERAL  LAWS  OF  IMPACT. 

1.  The  specimen  tested  by  impact  is  really  a  cushion  between 
the  two  impacting  bodies,  which  are  the  hammer  A  and  the 
anvil  B. 

2.  In  order  to  obtain  correct  results  from  the  tests,  and  in 
order  that  the  formulae  shall  apply,  the  proportions  of  the  anvil 
to  the  hammer  and  its  velocity  must  be  such  that  its  relative 
motion  may  be  neglected,  and  likewise  the  velocity  of  the  mutual 
centre  of  gravity.    The  following  conditions  must  be  realized : 

by  a  neglible  amount^ 
Also  the  relative  velocity  of 

must  approach  its  actual  velocity  z^a  by  such  an  amount  that  the 
difference  of  the  kinetic  energies 

is  negligible. 

3.  If  the  specimen  under  test  were  conceived  of  as  massless 
the  problems  of  impact  would  be  made  very  simple.  The  mutual 
repellent  force  F  would  then  be  produced  purely  by  the  stress 
due  to  its  distortion,  and  if  elastic  all  the  energy  would  be  re- 
turned to  the  hammer,  and  whether  elastic  or  not,  no  energy 
would  be  retained  in  mechanical  vibrations.    The  force  F  at  any 
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instant  could  be  determined  from  the  curve  of  the  tracing,  fig- 
ures I  and  2,  pp.  246  and  249,  by  drawing  tangents,  from  the 
relation, 

Or  in  the  case  of  vertical  fall 


^<d^V<i 


Q  being  the  vireight  of  the  hammer  z=  gy^  A. 
The  work  done  in  breaking  the  specimen  would  be  the  loss  of 
energy  of  the  hammer,  which  is  the  difference  in  its  energy 
before  and  immediately  after  contact,  the  final  velocity  being 
determined  from  the  tracing.  In  the  case  of  vertical  fall  the  re- 
maining potential  energy  of  the  hammer  at  contact,  Qy^,  must 
be  added  to  its  kinetic  energy. 

4.  Taking  into  consideration  the  mass  of  the  specimen  itself 
(but  not  its  weight,  the  effect  of  which  is  small,  and  entirely 
disappears  in  horizontal  impact),  two  distinct  actions  occur.  The 
momentum  of  the  hammer  has  to  overcome  not  only  the  stress 
due  to  distortion  of  form,  but  also  the  inertia  of  the  particles 
of  the  specimen.  The  force  acting  between  the  hammer  and 
the  specimen  is  therefore  made  up  of  two  parts,  /  due  to  distor- 
tion of  form  and  f^  due  to  inertia  of  the  particles : 

The  compression  occurring  at  the  point  of  contact  is  due  to  the 
entire  force  F,  but  since  there  is  no  limit  to  the  value  of  /i  it  is 
evident  that  if  the  velocity  of  the  blow  be  great  F  may  become 
intense  enough  to  actually  crush  the  material  at  the  point  of  con- 
tact before  the  regular  distortion  takes  place.  This  is  particu- 
larly true  in  the  case  of  beams. 

5.  Two  conditions  are  possible,  first  when  this  local  crushing 
is  inelastic  or  permanent  and  second  when  it  is  elastic  and  springs 
back.  Take  for  example  the  case  of  a  beam  supported  at  the 
ends  and  struck  in  the  middle,  which  is  the  simplest  to  imagine. 
The  local  crushing  reaches  its  maximum  by  the  time  the  centre 
of  the  beam  receives  the  same  velocity  as  the  hammer.  Imagine 
a  mass  iiig  placed  at  the  centre  of  a  beam  of  such  quantity  that 
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its  efifect  upon  the  hammer  will  exactly  correspond  to  that  of  the 
original  mass  of  the  entire  beam,  and  consider  the  beam  then  as 
massless.  By  the  law  of  impact,  as  soon  as  the  compression  has 
become  maximum  so  that  both  hammer  and  centre  point  of  beam 
are  moving  in  unison,  their  mutual  velocity  is 

A 


A  +fn„ 


In  the  supposed  case  when  the  compression  is  dead  or  inelastic, 
the  energy  to  produce  the  distortion  of  the  beam  is 

the  difference  between  this  and 

being  lost  in  producing  the  local  compression. 
This  case  is  illustrated  in  Fig.  4. 

6.  At  departure  both  beam  and  hammer  have  the  same 
velocity  c,  consequently  a  further  loss  of  energy  occurs  of  an 
amount 

—ryio 
2 

which    is    retained    by    the    beam    in    the    form    of   mechanical 
vibrations. 

7.  If  the  form  of  the  curve  of  the  deflection  of  the  beam  be 
known,  and  the  velocities  of  its  particles  be  considered  as  pro- 
portional to  their  deflections,  the  value  of  m^  may  be  deter- 
mined from  the  following  general  principle : 

In  a  system  consisting  of  several  parts,  which  is  so  connected 
by  its  geometrical  proportions  and  fixture  to  stationary  base, 
that  the  relative  velocities  of  each  part  may  be  determined,  any 
part  may  be  transposed  so  as  to  move  with  a  new  velocity  v^ 
provided  its  mass  be  changed  in  the  inverse  ratio  of  the  squares 
of  the  new  to  the  old  velocities,  without  in  anywise  affecting  the 
velocities  of  any  of  the  other  parts,  nor  the  forces  acting  upon 
them.  The  force  or  forces  producing  the  motions  of  the  entire 
system  will  in  no  wise  be  changed  thereby. 
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Thus  if  Vi  be  the  velocity  of  m^   it  may  be  transposed  to 
move  with  a  new  velocity  V2,  provided  its  new  mass 

without  in  any  way  affecting  the  system  or  its  reaction  U[X)n  an 
external  body. 

Assuming  the  elastic  form  of  the  curve  of  the  beam  to  be 
the  same  under  impact  as  in  static  loading,  this  value  of  m^  is 

^    when       is  the  mass  of  the  entire  beam.     For  compression 
35g  g 

or  tension 

I  G 

3  g 

8.  The  second  kind  of  impact  is  when  this  local  compression 
is  elastic,  and  recovers.  Here  two  cases  are  possible,  isochronous 
elastic  impact,  when  the  recovery  of  the  compressed  area  takes 
place  in  the  same  phase  with  that  of  the  rebound  of  the  beam  as 
a  whole;  and  unharmonic  elastic  impact,  when  the  two  phases 
are  not  together  or  directly  opposed.  These  cases  are  illustrated 
in  Figs.  5  and  6.  In  the  first  case  the  beam  is  left  without 
vibrations,  the  entire  energy  being  returned  to  the  hammer.  In 
the  second  case  the  beam  retains  vibrations,  at  the  expense  of 
the  hammer,  and  even  though  the  material  be  perfectly  elastic  the 
hammer  may  rebound  zvith  actually  less  energy  than  in  the  case 
of  the  inelastic  impact.  Thus  the  loss  of  energy  of  the  hammer 
is  not  necessarily  due  to  inelasticity  of  the  material.  In  fact  the 
first  case  of  complete  restoration  of  energy  to  the  hammer  is 
practically  almost  hypothetical  and  only  possible  under  certain 
definite  relations. 

III.    DEVELOPMENT  OF  THE  FORMULA  FOR  THE  TIME-DEFLECTION 
RELATIONS  WITHIN  THE  ELASTIC  LIMIT. 

For  the  time-deflection  curve  where  the  weight  falls  vertically, 
for  inelastic  local  compression,  the  hammer  and  specimen  re- 
maining united. 

t_   IM  -d        in  fy-l\        ,.oN 
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y,  =  d± 


V 


c^+d^ 


(68a) 


The  sign  of  the  radical  above  is  +  for  values  of  3;  below  the 
horizontal  and  —  above,  the  origin  for  t  and  y  in  the  above 
equation  being  taken  at  instant  of  contact. 

Taking  the  origin  at  the  instant  of  maximum  deflection,  y^, 
and  at  the  amount  of  deflection  d  produced  by  the  static  load  Q 
the  following  equations  are  obtained : 


y=y^-\-d 


t  =  U+h  + 


V 


M 
S 


I'm  (  y-d  \ 


Time  of  contact  = 

2/2  for  y2=  —d 


-V 


M  -d 

-^  arc  cos ^ 

5  y^-d 


(72) 
(75) 

(76) 


Time  of  semivihration 


2/2  for:v2  =  o 


=^v 


M 

S 


(77) 


This  is  the  same  as  the  time  for  a  semivihration  of  a  pendulum 
whose  length  is    — ^ 

From  the  static  relations,  within  the  elastic  limit,  the  maxi- 
mum fibre  stress  expressed  in  terms  of  the  weights  and  height 
of  fall  is,  in  bending 


P,=^xf(.+  V'  +  ^^^«) 


or 


=f(-V 


I+-; 


48E7  X  2H 


) 


(78) 


(79) 
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In  compression  or  tension : 


p.^)x%^{.+^i+^.eH)  (80) 


or 


P     Q  /     ,/     ,  aEX2H\  ^^  , 


Work  performed, 


K,  =  ^^y,'  (82) 


//  the  impact  be  horizontal,  the  term  Qy^  is  eliminated  from 
the  energy  of  the  hammer,  and  the  equations  are  much  simplified. 
For  horizontal  impact  the  equations  are : 

/  =  a/ -^  arc  sin  (— j  (68c) 

y  =  c^lfsm[t^^)  (68^c) 

The  origin  for  t  and  y  being  at  the  instant  of  contact. 

Taking  the  origin  for  ^2  at  the  instant  of  maximum  deflection, 
so  as  to  correspond  with  the  former  equations,  the  following 
result : 

/j  =  y -^  arc  COS  ^^  j  (72c) 

y=y,cos(t,^J  -^^ 

The  time  of  contact  is  the  same  in  this  case  as  that  of  semi- 
vibration  and  is 

2/2  for  :V  =  o,=7ry  ^  (77c) 
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This  is  the  same  as  the  time  for  a  semivibration  in  the  vertical 
impact. 

The  maximum  fibre  stress  is: 
In  bending 

P,  =  ^Xc  ^  -J  (78c) 

In  compression  or  tension 

P.=fxc^^  (80c) 

The  work  performed  is 

5         M 
K^  =  -^y^^  =  ^-^c'  (82c) 

The  foregoing  equations,  except  as  stated  for  the  values  of 
P,  apply  to  either  bending  or  compression  and  tension  tests,  when 
tiie  proper  values  of  the  constants  M  and  6"  are-  substituted. 
They  are  as  follows  : 

Mforbending=(^+i|D)  =  (Q+HG^)' 

o 

For  compression  or  tension  =  (A+^D)  =  {Q+^G)  — 

Srfor  bending  =  — jj^ 

-nv    "  .  ^       .  Ea 

t  or^  compression  or  tension  =  — ^ 

Nomenclature  used  in  the  above  is  as  follows: 

A  =  the  mass  of  hammer  :=;  ^ 

g 
Q  =  weight  of  hammer. 

Q 

D  =  the  mass  of  the  specimen  =  — 

G  =  weight  of  specimen. 

§:^  deflection  of  specimen  due  to  static  load  Q. 

c  =  velocity  of  combined  mass  after  the  local  deforma- 
tion has  occurred. 

t  and  y  ==  times  and  deflections  counted  from  the  instant 
of  impact  and  zero  deflection  of  the  specimen. 
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^2  and  y^  =  the  same  counted  from  the  instant  of  maxi- 
mum deflection  and  (for  vertical  impact)  the  deflection 
produced  by  the  static  load  Q.  For  horizontal  impact 
y2  is  the  same  as  y. 

yx  =  the  total  deflection  of  the  specimen  at  its  maximum 
deflection. 

H  =  height  of  fall  of  hammer  before  contact. 

h  =  depth  of  beam,  of  whatever  shaped  section  provided 
it  be  symmetrical  with  the  axis. 

a  =  cross-sectional  area. 

/  =  length  of  span  for  beams,  or  length  of  specimen  for 
compression  or  tension. 

/  =  moment  inertia  of  cross-section  with  respect  to  the 
neutral  plane. 

i^  =  energy  or  work. 

g  =  acceleration  of  gravity. 

P  =  unit  fibre  stress.  4' 

IV.    OBSERVATIONS  DERIVED  FROM   TESTS. 

I.  Dr.  A.  Gessner,  who  has  made  a  very  careful  comparison 
of  the  time  deflection  curve  obtained  from  tests  with  the  theoreti- 
cal equation  draws  the  following  conclusions  (his  tests  were 
made  upon  cast-iron  beams  with  a  span  of  50  cm.,  and  depth 
of  about  2  cm. ;  the  hammer  weighed  from  10  to  20  kilos.,  and 

the  height  of  fall  from  1.5  to  5  cm. ;  the  ratio  of  --  was  less  than 

%  ;  the  beams  for  rupture  were  broken  by  a  single  blow)  : 

a.  The  theoretical  and  actual  curves  are  practically  identical. 
h.  The  assumption  of  inelastic  local  compression  is  correct. 
The  form  of  the  curve  of  the  axis  of  the  beam  is  practically  the 
same  as  for  static  loading.  Hook's  law  holds  for  impact  as  well 
as  static  stress,  within  the  elastic  limit.  The  loss  of  energy  to 
the  anvil  in  impact  tests  is  a  very  important  consideration,  es- 
pecially in  compression  tests.  In  beams  with  suitable  proportions 
this  loss  is  neglible. 

c.  The  total  breaking  work  and  the  total  deflections  in  static 
and  in  impact  tests  differ  but  little  in  cast-iron  of  good  quality. 

d.  The  characteristics  of  the  material  are  shown  with  as  much 
clearness  in  impact  as  in  static  tests. 
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e.  The  remaining  energy  of  the  weight  after  breaking  the 
specimen  should  be  less  than  30  per  cent,  of  its  initial  energy,  and 
the  weight  of  the  hammer  should  be  at  least  four  times  that  of 
the  specimen.  The  ideal  height  of  fall  would  be  such  that  the 
energy  of  the  hammer  is  just  sufficient  to  break  the  specimen. 

/.  Over-heavy  blows  give  totally  false  results,  for  the  losses 
in  local  effects  reach  a  value  which  entirely  obscures  the  results 
sought  after. 

g.  Tests  made  by  increasing  heights  of  fall,  as  also  by  repeti- 
tion of  blows  from  the  same  height,  are  of  only  circumstantial 
value,  errors  are  thereby  multiplied  and  it  is  difficult  to  judge 
the  influence  upon  the  results. 

h.  On  the  whole,  impact  tests  are  well  adapted  for  deter- 
mining the  qualities  of  the  materials. 

ADDENDUM. 

The  foregoing  article  upon  the  Theory  of  Impact  has  been 
developed  with  the  purpose  of  determining  the  fundamental  prin- 
ciples underlying  impact  tests  in  such  a  way  that  the  true  re- 
lationships and  influences  of  all  the  quantities  involved  might 
be  clearly  exhibited.  The  attempt  has  been  made  to  develop 
the  theoretical  and  mathematical  part  of  the  discussion  progres- 
sively from  the  simple  fundamental  mechanical  relations  of  force, 
mass,  time,  and  space,  so  that  the  results  may  be  readily  compre- 
hended without  very  deep  study  into  theoretical  mechanics  and 
mathematics. 

A  clear  and  simple  presentation  of  the  relation  of  the  specimen 
under  test  to  the  laws  of  impact  I  have  been  unable  to  find  in 
literature,  and  it  is  my  hope  that  this  article  will  in  part  at  least 
fill  the  need. 

While  the  discussion  and  a  large  part  of  the  development  of 
formulae  is  original,  so  far  as  I  am  aware,  I  owe  considerable 
assistance  to  the  German  work  of  Dr.  A.  Gessner,  professor  in 
the  Technical  High  School  in  Vienna  referred  to  in  the  text, 
"  Ueber  die  Beanspruchung  Freiaufliegender  Trager  durch 
Stoss."  Suggestions  for  the  development  of  some  of  the  formulae 
were  obtained  from  Merriman's  "  Mechanics  of  Materials  "  and 
Rankine's  "  Applied  Mechanics."  Wherever  information  or 
equations  have  been  used,  acknowledgment  has  been  made  in 
the  text  and  the  reference  given. 
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Upon  exposure  to  the  forces  of  Nature,  fats  and  oils  undergo 
changes  in  their  physical,  chemical,  and  organoleptic  properties. 
The  color  is  frequently  altered  and  the  odor  and  taste  become 
disagreeable.  Not  only  the  physical  constants  like  melting  point 
and  density,  but  also  the  chemical  constants,  e.g.,  acid  value, 
and  Iodine,  saponification.  Hehner  and  Reichert-Meissl  numbers, 
change.  The  changes  in  the  chemical  constants,  which,  in  the 
case  of  each  sample  of  fat  or  oil,  depend  upon  the  particular  forces 
which  have  been  at  work  upon  that  sample,  prove  that  the  chemi- 
cal composition  of  the  fat  has  altered. 

Fats  and  oils,  in  which  these  changes  have  occurred,  were  for- 
merly termed  rancid ;  however,  during  recent  years  the  distinction 
has  been  made  between  acid  fats  and  oils,  rancid  fats  and  oils, 
and  fats  and  oils  both  acid  and  rancid.  The  agents  which  act 
upon  fats  and  oils  include  organisms,  their  enzymes,  tissue 
enzymes,  natural,  and  artificial  light,  heat,  and  the  gases 
of  the  atmosphere.  It  is  the  purpose  of  this  paper  to 
review  the  various  researches  which  have  been  made  concerning 
the  natural  changes  in  fats,  and  to  give  a  resume  of  the  views 
of  different  investigators  with  respect  to  the  causes  of  these 
changes.  With  that  end  in  view,  there  will  be  discussed  in  order 
the  influences  of  the  following  agents  : 

*  Presented  at  the  Seventh  International  Congress  of  Applied  Chemistry, 
London,    1909. 
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Organisms  and  the  enzymes  secreted  by  them. 

Tissue  enzymes. 

Gases  of  the  atmosphere. 

Light. 

Heat  and  cold. 

Rancidity  and  acidity. 

the  action  of  organisms  and  their  enzymes  upon 

FATS   AND   oils. 

Certain  bacteria,  moulds  and  yeasts,  have  power  to  decompose 
fats  and  oils,  provided  sufficient  nutriment — which  almost  invari- 
ably implies  nitrogenous  material — be  present.  The  nature  of 
the  decomposition  depends  upon  the  organism  or  organisms  which 
are  at  work.  Many  of  these  organisms  secrete  lipolytic  enzymes 
which  attack  the  glycerides ;  others  act  directly. 

Virchow  ^  states  that  aged  genuine  butters  possess  a  fairly 
low  Reichert-Meissl  number  and  a  high,  frequently  an  exceed- 
ingly high,  acidity.  He  ascribes  the  high  acidity  to  a  decomposi- 
tion of  the  butter-fat,  especially  the  glycerides  of  the  volatile 
fatty  acids,  produced  by  lower  organisms.  The  decrease  in  the 
Reichert-Meissl  number  is  explained  by  volatilization  or  further 
decomposition  of  the  free  lower  fatty  acids.  These  butters 
always  had  a  very  strong  butter-odor ;  and,  when  decomposition 
was  far  advanced,  the  characteristic  odor  of  Roquefort  cheese 
often  developed.  Old  spurious  butters  usually  have  a  very  low 
acidity,  and  their  acidity  never  becomes  as  high  as  that  of  old 
true  butters. 

Kirchner  ^  examined  a  number  of  samples  of  poppy  oil  and 
of  the  sesame  oil,  which  in  spite  of  most  careful  handling  had 
become  cloudy  some  time  after  the  pressing.  As  a  rule  the 
cloudiness  was  produced  by  characteristic  sickle-shaped  bacteria, 
which  were  pointed  at  both  ends.  Kirchner  also  describes  a 
fungus  which  he  named  Elceomyces  olei.  It  grows  in  freshly 
pressed  poppy  oil,  which  offers  it  the  necessary  nourishment. 
The  fungus  decomposes  the  oil;  its  cells  are  surrounded  by  a 
stratum  of  liquid — -a  decomposition-product  of  certain  constit- 
uents of  the  oil — of  refractive  power  differing  from  that  of  the 
oil.  Needle-like  crystals,  probably  of  an  oil  acid,  occasionally 
are  found  between  the  cells.  Gas  bubbles  are  also  produced. 
The  fungus  draws  nitrogenous  nourishment  from  those  proteins 
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which  enter  the  oil  as  unavoidable  impurities  during  the  pressing-. 
Repeatedly  filtered  fresh  oil  and  older  clear  oil  do  not  nourish 
and  support  the  fungus.  While  the  fungus  grows  immersed  in 
the  poppy  oil,  it  reproduces  only  by  budding.  When  the  oil,  in 
which  Ekeomyccs  olei  occurs,  begins  to  dry  and  the  latter  comes 
in  contact  with  the  air,  reproduction  by  spore-formation  takes 
place.  Several  individuals  grow  together  and  empty  their  con- 
tents into  one  of  the  more  central  cells  which  then  develops  into 
a  spore  with  very  thick  brown  walls.  Elceomyces  olei  probably 
belongs  to  the  genus  Zygomycetes  species  ustilaginia. 

Ritsert  ^  found  that  fresh  fats  were  sterile  or  nearly  so,  while 
rancid  fats  (swine  fat,  cocoanut  oil,  butter,  sausage  fat),  which 
were  from  five  weeks  to  one  year  old,  contained  micro-organisms, 
both  aerobic  and  anaerobic,  including  moulds  (oidia).  yeasts  and 
cocci;  bacteria  (rod  forms)  were  less  common  in  occurrence. 
Swine  fat  was  rendered,  sterilized,  and  inoculated  with  pure 
culture  of  organisms  from  the  rancid  fats  or  with  rancid  fat 
itself.  Experiments  made  at  room  temperature  in  diffuse  day- 
light, and  those  made  in  a  thermostat  at  37°,  gave  about  the 
same  result.  The  organisms  decreased,  and  usually  the  count 
was  zero  at  the  end  of  sixty  days.  Anaerobes  lived  somewhat 
longer  than  aerobes.  The  taste  and  smell  of  the  fat  remained 
unchanged,  and  no  increase  had  occurred  in  its  free  acid  content. 
The  organisms  of  garden  earth  and  of  hay  infusion,  as  well  as 
butyric  and  lactic  bacilli,  were  inoculated  into  fresh  fat  and 
allowed  to  act  for  two  months,  but  failed  to  produce  rancidity. 
When  the  bacteria  were  allowed  to  act  upon  fat  for  sixty  days  in 
direct  sunlight,  they  died  far  more  rapidly,  but  a  rancid  taste  and 
smell  developed  and  the  free  acid  content  of  the  fat  increased. 
While  Ritsert  recognizes  the  rancid  smell  and  taste,  yet  he 
ascribes  rancidity  to  the  splitting  of  fats  into  free  fatty  acids 
and  glycerol. 

Experiments  were  also  made  by  Ritsert  ■*  to  determine  the 
role  of  organisms  in  the  further  decomposition  of  rancid  fats. 
Samples  of  swine  fat,  rancid  from  the  action  of  oxygen  and 
light,  were  inoculated  with  pure  culture  of  different  organisms 
by  means  of  platinum  wire.  After  fourteen  days  colonies,  visible 
to  the  naked  eye,  and  consisting  of  moulds,  yeasts  and  cocci,  had 
developed  about  the  points  of  inoculation.  The  organisms  could 
be  demonstrated  at  non-inoculated  places  upon  the  fat  by  remov- 


368  Joseph  Samuel  Hepburn. 

ing  samples  with  a  platinum  loop  and  plating  them  on  gelatine. 
The  presence  of  a  great  quantity  of  free  fatty  acid  in  a  rancid 
palm  kernel  oil  prevented  the  growth  of  organisms  (moulds) 
upon  the  oil.  From  other  experiments  Ritsert  decided  that  swine 
fat  is  not  permeable  to  micro-organisms.  He  poured  gelatine 
plates,  cooled  them  on  ice,  then  added  a  layer  of  half -cool  pure 
swine  fat  3  to  15  mm,  thick,  care  being  taken  to  prevent  mixing 
of  the  fat  and  gelatine.  Garden  earth  was  placed  on  the  solidi- 
fied fat;  even  after  five  months  the  organisms  of  the  earth  had 
not  penetrated  the  fat  to  the  gelatine. 

Arata  ^  found  that,  when  butter  is  kept  in  the  air  or  under 
water,  the  quantity  of  volatile  fatty  acids  (Reichert-Meissl- 
Wollny  Number)  sometimes  increases  and  sometimes  decreases. 
He  states  that  the  increase  or  decrease  is  largely  due  to  the  action 
of  micro-organisms :  Arata's  experiments  upon  the  physiological 
action  of  rancid  butter  are  exceedingly  interesting.  A  butter, 
that  had  been  kept  for  three  months  exposed  to  the  air,  had  an 
irritating  and  disagreeable  odor;  in  the  case  of  a  butter  that 
had  been  kept  for  a  year  the  odor  was  more  intense.  The  odor 
produced  violent  headache,  irritation  of  the  fauces  and  abundant 
salivation.  When  the  year-old  rancid  butter  was  fed  to  a  normal 
adult  for  ten  days,  it  produced  marked  vomiting,  intense  abdom- 
inal pain  and  diarrhoea.  The  three-months-old  rancid  butter  was 
fed  during  a  period  of  twenty  days ;  it  gave  rise  to  general  weak- 
ness, serous  diarrhoea  and  abdominal  pain.  Hence,  rancid  butter 
produces  irritation  of  both  the  stomach  and  the  intestines. 

Spaeth  ^  describes  a  butter  which  had  been  stored  in  a  damp 
place  and  had  assumed  a  green  color.  The  fat,  after  filtration 
from  the  molten  butter,  was  yellow  in  color  and  had  a  high 
acid  value.  The  green  residue  upon  the  filter  was  washed 
with  ether,  to  free  it  from  fat,  and  then  was  examined  under  the 
microscope  and  found  to  contain  PeniciUkmi  glaucum. 

Sendtner  ^  mentions  a  butter  in  which  the  taste  had  been 
totally  destroyed  by  the  growth  of  moulds.  The  acid  degree  at 
the  same  time  had  risen  to  an  exceedingly  high  value. 

Klecki  ^  states  that  the  acidity  of  butter  increases  more 
rapidly  under  ordinary  conditions  than  under  the  influence  of  sun- 
light or  of  heat.  The  bacteria,  to  whose  activity  the  acidity  is 
due,  are  killed  by  sunlight,  and  are  hindered  in  the  production  of 
acid  bv  heat.     However,  a  butter,  stored  in  the  sunlight  or  in  a 
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warm  place,  may  become  rancid  without  becoming  acid.  Acidity 
is  due  first  of  all  to  bacterial  action  and  depends  less  upon  the 
action  of  air  and  light,  while  rancidity  may  be  considered  as  the 
total  product  of  all  factors. 

Filsinger  '^  found  that  cacao-butter,  which  is  extracted  from 
the  shells  and  other  refuse  (germs  and  fragments  of  the  cotyle- 
dons), may  have  a  very  high  acidity,  due  to  the  splitting  of 
the  fat.  He  suggests  that  micro-organisms,  light  and  the  oxygen 
of  the  air  all  play  a  part  in  this  decomposition. 

Biffin  ^^  discovered  upon  cocoanuts  a  fungus — one  of  the 
Hypocreales,  probably  belonging  to  the  group  of  the  Nectriece — 
which  decomposed  the  oil  of  the  nuts  with  the  production  of  a 
pleasant  etherial  odor  recalling  that  of  amyl  butyrate.  The 
fungus  contained  a  fat-splitting  enzyme  which  hydrolyzed  cocoa- 
nut  oil  and  monobutyrin.  The  enzyme  first  emulsified  the 
fat,  then  caused  hydrolysis  with  the  liberation  of  free  fatty  acid. 

Amthor  ^^  has  shown  that  the  bouquet  of  rancid  butter  is  due 
to  the  presence  of  ethyl  butyrate.  Fifty  grammes  of  rancid  but- 
ter were  distilled  with  steam  until  500  c.c.  of  distillate  had 
collected.  The  distillate  was  exactly  neutralized  with  alkali  and 
was  distilled.  This  second  distillate  was  saponified  by  boiling 
for  half  an  hour  under  a  reflux  condenser  with  an  excess  of 
alkali.  It  was  then  distilled ;  in  this  third  distillate  the  presence 
of  alcohol  was  proved  by  the  iodoform  and  acetaldehyde  tests. 
The  solution  remaining  in  the  distilling  flask  was  made  acid  with 
sulphuric  acid  and  distilled.  The  distillate  had  the  odor  of 
butyric  acid ;  the  calcium  content  of  the  calcium  salt,  which  was 
prepared  from  this  distillate,  showed  that  the  acid  was  butyric 
acid  with  a  slight  admixture  of  fatty  acids  of  higher  carbon  con- 
tent. Hence,  ethyl  butyrate  was  present  in  the  butter.  Amthor 
believes  that  micro-organisms  ferment  the  lactose  of  the  butter 
to  alcohol;  simultaneously  there  is  an  hydrolysis  of  the  glycerides, 
especially  of  butyrin,  which  is  the  least  stable.  The  free  butyric 
acid  and  the  alcohol  combine  to  form  butyric  ester.  The  quantity 
of  this  compound  reaches  a  maximum,  then  a  splitting  occurs 
with  the  result  that  finally  it  is  almost  entirely  destroyed.  When 
this  has  occurred,  the  butter  is  tallow-like.  In  the  rancidity 
of  other  fats  odor  plays  a  lesser  part;  the  harsh  taste  has  the 
leading  role. 

The  effect  of  moulds  upon  butter  has  been  studied  by  Hanus  *- 
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and  by  Hanus  and  Stocky. ^^  A  butter,  which  had  been  stored  in 
a  tin  can  in  a  moist  place  for  four  months,  was  completely  covered 
by  a  layer  of  the  mould  Miicor.  The  butter  had  become  a  dirty 
yellow  color,  and  had  a  cheese-like,  rancid  odor  and  a  tallowy 
taste.  The  fat-constants  of  the  mouldy  butter  differed  from 
those  of  the  same  butter  in  the  fresh  condition,  in  that  the  acidity 
had  increased  enormously;  the  saponification,  Rexhert-Meissl  and 
iodine  numbers  had  decreased  slightly,  while  the  free  volatile 
acids  had  increased  somewhat.  The  quantity  of  unsaturated 
acids  had  not  esentially  changed.  The  Miicor  had  chiefly  split 
the  glycerides  into  free  acid  and  glycerol ;  the  glycerides  of 
higher  molecular  weight  were  hydrolyzed  sooner  than  those  of 
lower  molecular  weight  (volatile  acids).  The  mould  at  first  had 
lived  upon  the  casein  and  lactose  of  the  butter;  when  these  were 
exhausted,  it  hydrolyzed  the  fat,  consumed  the  glycerol  and  pos- 
sibly oxidized  part  of  the  volatile  acids  to  water  and  carbon  diox- 
ide. A  small  amount  of  aldehydes  was  also  formed,  probably  by 
oxidation  of  the  oleic  acid. 

Each  of  the  following  moulds  was  sown  in  pure  culture  upon 
ordinary  butter,  and  was  allowed  to  act  for  three  months :  Asper- 
gillus glaucus,  Aspergillus  niger,  Botrytis  cinerea,  Eurotiiini  re- 
pens,  Mucor  mucedo,  Miicor  racemosus,  Miicor  stolonifer,  Peni- 
cillium  glaucum,  Verticillium  glaucum.  The  butter  had  not  been 
sterilized,  and  Oidimn  lactis  developed  upon  the  samples  as  Avell 
as  upon  the  control.  The  most  striking  change  produced  by  the 
moulds  was  the  great  increase  in  the  acid  value  of  the  butter  fat. 
Verticillium  glaucum  produced  a  mouldy  odor;  Mucor  racemosus 
gave  the  butter  a  greenish-yellow  color,  due  to  the  mycelia. 
Mucor  mucedo  thrived  best  and  was  chosen  for  a  further  experi- 
ment ;  this  mould  was  sown  in  pure  culture  upon  ordinary  (not 
sterile)  butter,  which  was  spread  out  in  a  thin  layer  on  glass 
dishes  and  was  stored  for  one  year  in  a  dark,  moist  place.  A 
control  experiment  was  made  avoiding  infection.  In  both  the 
experiment  proper  and  the  control  Oidium  lactis  developed. 

Mucor  mucedo  had  developed  at  the  end  of  the  year  to  such 
an  extent  that  the  white  of  the  mycelia  replaced  the  normal 
color  of  the  butter.  The  molten  butter  fat  was  a  dirty  yellow 
and  had  a  not  very  repulsive  taste.  From  the  constants  pre- 
viously determined,  it  was  seen  that  the  most  marked  change  was 
the  hydrolysis  of  the  fat  into  free  fatty  acid  and  glycerol.     The 
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other  change  is  in  all  probability  an  oxidation  of  the  lower  fatty 
acids,  although  reduction  of  these  acids  is  not  excluded.  The 
quantity  of  volatile  fatty  acids  fell,  but  their  mean  molecular 
weight  rose,  hence  the  mould  destroyed  the  lower  of  the  volatile 
acids;  this  destruction  of  lower  volatile  acids  accounts  for  the 
lower  saponification  number  of  the  fat.  The  quantity  of  unsatur- 
ated fatty  acids  changed  but  little,  for  the  iodine  number  showed 
only  a  very  slight  decrease.  A  slight  quantity  of  aldehydes 
was  formed,  from  the  oleic  acid  or  from  the  glycerol,  or 
by  reduction  of  the  lower  fatty  acids.  The  control,  in  which 
Oidium  lactis  developed,  showed  similar,  but  not  such  extensive, 
changes.  The  conclusion  is  reached  that  the  moulds  consume 
the  protein  and  lactose,  then  very  actively  secrete  lipolytic 
enzymes.  The  enzymes  split  the  butter  fat  and  place  the  glycerol 
thus  produced  at  the  disposal  of  the  moulds  for  food.  Of  the 
fatty  acids,  formed  by  the  hydrolysis,  apparently  only  those  of 
lower  molecular  weight  are  assimilated  by  the  moulds. 

While  Hanus  and  Stocky  were  working  with  moulds,  Rein- 
mann  ^^  was  studying  the  effect  of  bacteria,  moulds  and  yeasts 
upon  both  ordinary  and  sterile  cream  butter.  Following  the  pro- 
cedure of  Amthor,  he  obtained  from  rancid  butter  a  distillate 
which  had  a  not  unpleasant  odor  chiefly  recalling  that  of  butyl 
butyrate.  Other  distillates  possessed  a  different  odor  and  a 
higher  acidity.  Reinmann  agrees  with  Amthor  ^^  that  the  smell 
and  taste  of  a  rancid  butter  are  due  to  ester-like  bodies.  He 
declares  the  odor  is  the  only  direct  measure  of  rancidity ;  since  in 
a  butter  the  changes  are  accompanied  by  liberation  of  fatty  acids, 
a  comparison  of  samples  but  not  an  actual  determination  of  ran- 
cidity may  be  made  by  means  of  the  acid  value  of  the  butter-fat. 

The  influence  of  the  chemical  composition  of  the  butter  upon 
•the  development  of  rancidity  was  also  studied.  Three  butters 
were  made  from  raw  cream ;  the  first  was  prepared  with  as  high 
a  casein  and  lactose  content  as  possible ;  the  second  was  rendered 
as  free  as  possible  of  buttermilk  by  working;  the  third  was 
washed  with  water  until  the  latter  could  be  decanted  perfectly 
clear.  A  butter  with  high  casein  and  lactose  content  was  also 
made  from  sterile  cream.  All  four  samples  were  exposed  to  the 
air  and  light  of  the  room  at  16-19°  C.  for  a  period  of  six  weeks. 
All  the  butter  prepared  from  raw  cream  became  rancid  and 
showed  a  progressive  increase  in  the  free  acid  content ;  the  butter 
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with  high  percentage  of  casein  and  lactose  was  the  first  to  become 
rancid,  and  also  showed  the  highest  acidity.  The  butter  which 
had  been  churned  from  sterile  cream,  remained  good  and  free 
from  rancidity  after  it  had  been  kept  four  months;  its  acidity 
had  increased  very  slightly.  These  experiments  indicate  that 
rancidity  of  butter  cannot  be  due  to  a  high  casein  or  lactose 
content  or  to  mere  oxidation,  but  must  be  caused  by  either  micro- 
organisms or  enzymes. 

Samples  of  butter  were  kept  for  a  period  of  seven  weeks 
exposed  to  air  and  light,  to  air  without  light,  to  light  without 
air,  and  with  the  exclusion  of  both  air  and  light.  Air  was  ex- 
cluded by  storage  of  the,  samples  in  an  atmosphere  of  hydrogen 
beneath  bell  jars ;  alkaline  pyrogallol  was  placed  in  the  jars  to 
absorb  traces  of  oxygen.  When  air  had  access  to  the  butter, 
both  in  the  dark  and  in  the  light,  rancidity  and  a  considerable 
increase  in  the  acidity  occurred.  When  air  was  excluded  both 
in  the  dark  and  in  the  light,  the  acidity  rose  slightly,  but  the  butter 
was  still  good,  though  somewhat  altered.  From  these  experi- 
mjcnts,  it  may  be  concluded  that  anaerobes  scarcely  play  a  role  in 
the  production  of  rancidity.  The  air  does  play  a  part,  in  all 
probability  through  strictly  aerobic  micro-organisms. 

In  the  following  experiments  on  the  influence  of  antiseptics, 
control  experiments  were  made  using  butter  without  any  added 
material.  Sodium  chloride  retarded  both  rancidity  and  acidity; 
6  per  cent,  sodium  chloride  possessed  a  greater  retarding  in- 
fluence than  did  i  per  cent,  sodium  chloride.  Salicylic  acid 
prevented  rancidity  and  acidity. 

A  sterile  butter  was  made  from  sterile  cream  in  sterile  vessels 
and  worked  with  sterile  instruments.  It  did  not  become  rancid 
when  exposed  to  air  and  light.  Nevertheless,  when  this  sterile 
butter  was  infected  by  means  of  a  small  quantity  of  rancid 
butter,  rancidity  then  developed.  The  results  obtained  by  the 
action  of  antiseptics  and  by  innoculation  with  rancid  butter,  tend 
to  exclude  atmospheric  oxygen  as  the  direct  cause  of  rancidity, 
and  to  substitute  either  enzymes  or  micro-organisms. 

Ordinary  and  sterile  cream  butter  samples  were  inoculated 
with  a  pure  culture  of  each  of  the  following  organisms :  Micro- 
coccus acidi  lactici,  Sarcina  lutea,  Bacillus  acidi  lactici,  Bacterium 
helvoliim,  Bacillus  coli  communis,  a  coli-like  bacillus  (strawberry 
bacillus).    Bacillus    mesentericus    vidgatus,    Bacillus    butyricus 
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Hueppe,  Bacillus  butyricus  Botkin,  Bacillus  fluorescens  lique- 
faciens.  Bacillus  pro  tens  mirabilis,  Streptothrix  alba,  Oidium  lac- 
tis,  a  white  yeast,  a  rose  yeast,  a  mucor  fungus,  and  another 
yeast,  a  "  Sprosspilz." 

Control  experiments  were  made  with  both  non-inoculated 
butters,  the  ordinary  butter,  and  the  sterile-cream  butter.  None 
of  the  organisms  were  able  to  render  butter  rancid.  In  the  case 
of  the  common  butter,  the  inoculated  samples  and  the  control 
behaved  alike,  for  all  became  rancid.  Three  species.  Bacillus 
fluorescens  liquefaciens,  Streptothrix  alba  and  the  "  Sprosspilz  " 
made  the  sterile-cream  butter  strongly  acid,  and  gave  it  a  highly 
offensive  odor,  but  failed  to  produce  rancidity.  On  the  other 
hand  the  coli-like  bacillus  produced  an  aroma  of  strawberries, 
and  the  mucor  fungus  an  odor  of  oil  of  bitter  almonds,  both  very 
pleasing  to  the  sense  of  smell.  Although  these  samples  became 
acid,  they  had  a  very  agreeable  taste. 

When  sterile-cream  butter  was  inoculated  with  the  mixtures 
of  bacteria  derived  from  butter,  milk,  cream,  earth,  dust  and 
water,  rancidity  failed  to  develop.  In  one  case  the  bacteria  of 
cream  produced  a  slight  rancidity.  However,  inoculation  with 
rancid  butter  caused  rancidity  to  develop  in  the  sterile-cream 
butter.  Reinmann  concludes  that  either  organisms,  which  have 
escaped  his  culture  method,  or  enzymes  are  the  cause  of  rancidity. 
He  considers  the  retardation  of  rancidity  by  sodium  chloride  as 
an  argument  against  enzymes. 

Jensen  ^^  made  an  exhaustive  study  of  the  flora  of  butter, 
with  special  reference  to  the  development  of  rancidity.  The 
results  of  his  labors  are  contained  in  a  series  of  thirteen  papers. 
He  found  that  under  the  same  conditions  sterile  butter  underwent 
a  more  intense  oxidation,  i.e.,  greater  decrease  in  iodine  number 
than  did  common  butter.  The  ordinary  butter,  however,  showed 
higher  acid  values  and  a  stronger  odor  of  rancidity.  The  ex- 
planation is  given  that  the  organisms  commonly  present  in  butter 
prevent  the  oxidation  of  the  butter;  the  oxygen  merely  accelerates 
the  development  of  those  organisms  which  produce  rancidity. 
Butter  stored  without  air  access  became  acid  and  possessed  a 
cheese-like  taste,  but  did  not  become  rancid.  Jensen  gives  three 
facts  in  support  of  the  theory  that  aerobic  organisms  and  not 
milk  enzymes  are  the  cause  of  rancidity.  First,  salt — which 
inhibits  the  action  of  organisms  far  more  strongly  than  it  does 
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the  action  of  enzymes — retards  rancidity.  Second,  a  hig-h  con- 
tent in  lactose  and  casein,  which  form  a  supply  of  food  for 
organisms  but  are  not  of  benefit  to  enzymes,  accelerates  ran- 
cidity.    Third,  complete  exclusion  of  air  prevents  rancidity. 

As  butter  grew  rancid,  Jensen  noticed  that  it  darkened  some- 
what and  became  transparent  from  the  surface  toward  the  in- 
terior. The  clearing  or  transparency  he  attributed  to  the  solu- 
tion and  decomposition  of  the  casein  by  the  organisms  of  the  sur- 
face. Of  these  surface  organisms,  Bacillus  fluorescens  lique- 
faciens  and  occasionally  Bacillus  prodigiosus  increased  for  a 
time;  finally  Oidiuin  lactis,  Cladosporiwn  butyri  and  yeasts  in 
spite  of  their  slow  increase  overgrew  the  other  organisms  and 
formed  the  surface-vegetation. 

Within  the  butter  various  lactic  acid  forming  bacteria  and 
yeasts  increased,  then  decreased.  Liquifiers  and  Oidium  lactis 
always  decreased.  At  times  Micrococcus  acidi  lactici  showed 
a  slight  increase. 

The  following  table  shows  the  organisms  which  were  found 
in  butter  by  Jensen : 


Fresh  butter 

Rancid  butter 

Microorganisms  which  • 
always  occur. 

L 

Bacterium  lactis  acidi  (Leichmann) 
and  other  lactic  acid  ferments. 

Varieties  of  Bacillus  aerogenes. 

Bacilli  similar  to  aerogenes,  prob- 
ably Bacillus  innocuus  (Wilde). 

Micrococcus  acidi  lactici  (Kruger). 

Bacillus  fluorescens  liquefaciens . 

Oidium  lactis. 

Cladosporium  butyri. 

Mycoderma  species. 

Lactose-fermenting  yeasts. 

Lactic  acid   bacilli.     {Bacillus   a 
(Freudenreich)   and  similar 
forms). 

Microorganisms  which  ■ 
frequently  occur. 

The  organisms  always  found  in 
rancid  butter. 

Bacillus  prodigiosus. 

BacAlus   microbutyricus    liquefa- 
ciens. 

The   organisms   always    and    fre- 
quently found  in  fresh  butter. 

Bacillus  microbutyricus  (Hell- 
strom). 

Pemcillium  glaucum. 

Microorganisms   which  ■ 
rarely  occur. 

Non-liquefying    proteus    species 
(Proteus    Zopfii    and    Proteus 
Zen  ken). 

Coli  species. 

Hay  bacilli. 

Bacillus    fluorescens    twn-liqtiefa- 
ciens 

Streptothrix  alba. 

Streptothrix  chromogena. 

/ 
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The  influence  of  each  of  these  organisms,  or  of  mixtures  of 
the  organisms  upon  sterile  butter,  was  studied  by  inoculating  into 
sterile  cream  which  was  placed  in  the  glass  vat  of  a  butter 
machine  and  churned  in  the  usual  way.  When  the  buttermilk 
was  decanted,  the  opening  of  the  churn  was  covered  with  a 
recently  ignited  wire  gauze.  The  washing  of  the  butter  was 
done  with  sterile  water,  which  was  decanted  in  the  same  manner. 
The  butter  was  then  transferred  to  a  sterile  glass  jar,  the  neck 
of  which  fitted  into  the  neck  of  the  churn.  The  jar,  like  the 
churn,  was  closed  with  a  sterile  stopper  and  was  agitated  to 
collect  the  butter  into  a  lump.  Such  butter  has  a  normal  water 
content.  When  the  influence  of  lactose  or  of  salt  was  studied,  a 
5  per  cent,  sterile  solution  of  the  former,  or  a  25  per  cent,  sterile 
solution  of  the  latter,  was  used  for  washing  the  butter.  The 
samples  were  stored  in  the  dark  at  room  temperature  for  two 
months. 

Non-liquefying  bacteria,  including  Bacterium  lactis  acidi, 
Bacillus  "  ,  Bacillus  aerogencs,  bacilli  similar  to  aerogenes,  and 
mixture  of  Proteus  Zopfii,  Proteus  Zenkeri  and  a  stench-produc- 
ing coli  species,  were  found  either  to  lack  the  fat-splitting  power 
or  to  possess  this  power  to  so  slight  a  degree  as  scarcely  to  play 
a  part  in  the  rancidity  of  butter.  Bacillus  fliiorescens  non- 
liqiiefaciens  and  Bacillus  coli  communis  probably  have  the  power 
to  hydrolyze  fats  and  to  produce  rancidity  but,  on  account  of 
their  rare  occurrence  in  butter,  were  not  investigated. 

The  influence  of  liquefiers  was  also  investigated.  Bacillus 
Huoresccns  liquefacicns  hydrolyzed  the  butter  fat  with  the  pro- 
duction of  large  quantities  of  volatile  fatty  acid.  The  organism 
splits  the  glycerides  uniformly;  but,  when  it  consumes  the  liber- 
ated fatty  acids,  prefers  the  non-volatile  acids.  The  butter  be- 
came rancid ;  the  odor  was  that  of  free  butyric  acid  and  not  that 
of  its  ethyl  ester.  When  a  sterile  butter  was  inoculated  with  a 
mixture  of  Bacillus  Huorcsccns  liquefacicns  (to  produce  butyric 
acid)  and  a  lactose-fermenting  yeast  which  occurs  in  butter  (to 
produce  alcohol),  no  ethyl  butyrate  was  formed.  This  experi- 
ment tends  to  overthrow  the  hypothesis  of  Amthor  ^^  concerning 
the  formation  of  butyric  ester  in  rancid  butter.  Bacillus  fluores- 
cens  liquefacicns  and  Bacterium  lactis  acidi  usually  occur  together 
in  butter,  therefore  a  butter  containing  a  mixture  of  the  two 
organisms  was  prepared.     The  lactic  acid  formed  by  Bacterium 
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lactis  acidi  exerted  a  retarding  influence  upon  the  fat-splitting 
property  of  Bacillus  flnorescens  liqiiefaciens.  The  presence  of 
salt  in  butter  retarded  both  the  increase  of  Bacillus  fluorescens 
liquefaciens  and  the  hydrolysis  of  the  butter-fat. 

Bacillus  prodigiosus  split  the  butter-fat  with  the  liberation 
of  both  volatile  and  non-volatile  fatty  acids.  The  rancid  odor 
was  more  disagreeable  than  was  the  odor  produced  by  Bacillus 
Huorescens  liquefaciens. 

Bacillus  tnicrohutyricus  liquefaciens  caused  but  a  slight 
hydrolysis  of  the  butter  fat;  the  taste  and  smell  of  the  butter 
remained  unchanged. 

Hay  bacilli  produced  no  change  within  the  butter;  they  ren- 
dered the  surface  transparent  and  gave  it  a  rather  unpleasant 
taste,  but  failed  to  cause  rancidity.  They  were  especially  sensi- 
tive to  lactic  acid,  and  soon  died  off  when  lactic  acid  formers 
were  present. 

Streptothrix  chromogena  was  chosen  as  the  representative 
of  the  Streptothrices, ^hich.  in  certain  respects  mark  the  transition 
from  bacteria  to  moulds.  It  hydrolyzed  the  butter  fat  somewhat 
and,  after  acting  for  one  week,  had  produced  so  unpleasant  an 
earthy  odor  as  to  render  the  butter  unfit  for  use. 

Three  lactose-fermenting  yeasts,  which  differ  in  mode  of 
spore-formation,  occur  in  butter.  None  of  the  three  yeasts  was 
able  to  decompose  butter  fat  or  to  produce  any  apparent  change 
in  butter.     A  slight  quantity  of  alcohol  was  formed. 

A  maltose-fermenting  Mycoderma,  which  occurs  frequently 
in  butter,  was  found  to  lack  the  power  to  hydrolyze  butter  fat. 
The  butter  had  a  faint  ester-like  odor  upon  its  surface ;  but  esters 
could  not  be  detected  quantitatively.  This  yeast  thrived  best 
upon  the  surface  of  the  butter,  hence  was  aerobic. 

Oidimn  lactis,  a  mould,  not  only  hydrolyzed  the  butter  fat 
but  also  peptonized  and  further  decomposed  the  casein  with  the 
formation  of  basic  compounds.  Within  the  butter  the  liberated 
volatile  fatty  acids  were  neutralized  by  these  basic  compounds; 
upon  the  surface  both  free  volatile  acids  and  glycerol  were  con- 
sumed by  the  mould.  When  lactose  was  added  to  the  butter, 
Gidiiim  both  split  the  butter  fat  and  fermented  the  milk-sugar 
to  alcohol ;  however,  no  ester  was  formed.  The  presence  of  salt 
in  butter  retarded  the  growth  of  the  mould  and  also  the  hydrolysis 
of  the  butter  fat.     The  influence  of  mixtures  of  Oidium  and 
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organisms,  which  in  themselves  do  not  attack  butter  fat,  upon 
sterile  butter  was  also  studied.  The  lactic  acid  formers  pre- 
vented for  a  time  the  rancidity  of  the  butter.  Jensen  suggests 
that  Oidiiim  lactis  before  splitting  the  butter  fat  either  consumed 
part  of  the  lactic  acid  or  produced  ammonia  from  the  protein  in 
order  to  neutralize  the  lactic  acid.  Micrococcus  acidi  lactici  and 
Bacillus  microhiityriciis  liquefaciens  were  killed  by  free  fatty  acid. 

A  mixture  of  Oidiwn  lactis  and  either  Bacillus  Hiiorescens 
liquefaciens  or  Bacillus  prodigiosus,  both  of  which  hydrolyze 
fat,  set  free  a  far  greater  quantity  of  fatty  acids  than  was  pro- 
duced by  either  of  the  organisms  by  itself.  The  Oidium  was 
able  to  reduce  considerably  the  quantity  of  free  volatile  fatty 
acids  liberated  by  the  bacilli. 

Cladosporiiun  butyri,  another  mould,  produced  green  and 
brown  veins  upon  the  butter,  which  darkened  somewhat.  Clado- 
sporium  butyri  did  not  split  the  butter  fat  to  such  an  extent  as 
did  Oidium  lactis,  but  like  the  latter  it  consumed  the  liberated 
volatile  acids.  A  distinct  odor  of  ethyl  butyrate  was  observed, 
hence  probably  this  mould  was  present  in  Amthor's  butter. 
Cladosporium  butyri  did  not  produce  the  ester-odor  in  a  butter  to 
w'hich  lactose  had  been  added;  hence  the  ethyl  butyrate  did  not 
derive  its  alcohol  radical  from  the  lactose  content  of  the  butter. 
According  to  Jensen,  the  butyric  ester  is  an  intennediate  product 
in  the  decomposition  of  the  fat  by  the  mould.  Tributyrin  is 
decomposed  with  the  formation  of  ethyl  butyrate,  the  ethyl  group 
of  which  is  derived  from  the  glyceryl  radical  of  the  tributyrin. 
The  ethyl  butyrate  undergoes  further  decomposition.  When 
Cladosporium  butyri  w-as  allowed  to  act  upon  tributyrin,  a  distinct 
odor  of  ethyl  butyrate  was  produced.  Therefore,  this  mould 
possesses,  in  addition  to  the  hydrolytic  power,  the  property  of 
attacking  the  combined  glycerol  of  fats  with  the  production  of 
esters.  Cladosporium  butyri  prefers  lactose  to  combined  glycerol, 
hence  no  ester  was  formed  when  lactose  w^as  added  to  the  butter 
in  the  experiment  described  above.  This  mould  may  produce  the 
odor  of  amyl  butyrate  in  butter ;  it  forms  little  ammonia  from  the 
butter  proteins. 

A  mixture  of  Cladosporium  butyri  and  Bacillus  Huorescens 
liquefaciens  produced  the  same  changes  as  did  the  former  by 
itself;  the  mould  caused  the  bacillus  to  decrease.  Inoculation 
of  butter  with  both  Oidium  lactis  and  Cladosporium  butyri  gave 
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rise  to  a  quantity  of  free  fatty  acid  which  exceeded  the  sum  of 
the  quantities  Hberated  by  each  mould  acting  independently;  the 
butter  was  highly  rancid,  contained  large  amounts  of  both  solid 
and  volatile  free  fatty  acids,  and  smelt  strongly  of  ethyl  butyrate. 
Addition  of  lactose  did  not  prevent  ester  formation  in  this  case. 

Cladosporiiim  butyri  was  able  to  live  in  a  butter  in  the  pres- 
ence of  such  a  quantity  of  free  volatile  acids  as  would  kill  Oidiiim 
lactis. 

Penicilliiim  glaucum  formed  dark  green  veins  upon  the  sur- 
face of  the  butter.  The  surface  tasted  musty  and  acid ;  the  interior 
acid  and  bitter-sweet.  The  mould  possessed  exactly  the  same 
hydrolytic  power  as  Oidium  lactis,  consumed  the  free  fatty  acids 
on  the  surface,  and  produced  amyl  butyrate  and  possibly  ethyl 
butyrate ;  it  formed  little  ammonia. 

A  mixture  of  Penicillium  glaucum  andOidium  lactis  produced 
an  aroma  of  Roquefort  cheese,  due  possibly  to  the  odor  of  am- 
monium salts  of  volatile  fatty  acids  combined  with  that  of  esters, 
particularly  amyl  butyrate.  Penicillium  glaucum  formed  the 
esters,  while  Oidium  lactis  by  virtue  of  its  proteolytic  power 
furnished  ammonia  to  neutralize  the  free  volatile  acids. 

Jensen  divides  those  organisms  which  decompose  butter  fat 
into  three  classes.  The  members  of  the  first  class  are  able  to 
hydrolyze  fat  but  lack  the  power  to  attack  combined  glycerol, 
hence  they  only  form  free  fatty  acids ;  Bacillus  Hiiorescens  lique- 
facicns,  Bacillus  prodigiosus  and  Oidium  lactis  are  representatives 
of  this  class.  The  second  class  includes  organisms  which  not 
only  split  fat  with  the  production  of  free  acids,  but  also  consume 
the  combined  glycerol  with  the  formation  of  esters ;  these  esters 
are  further  decomposed;  Cladosporium  butyri  and  Penicillium 
glaucum  may  be  considered  t)'pes  of  this  group.  The  third  class 
consists  of  organisms  which  do  not  hydrolyze  fat  but  only  attack 
the  combined  glycerol  with  the  formation  of  esters;  certain 
Mycoderma  species  belong  to  this  class. 

Jensen  demonstrated  the  presence  of  a  lipolytic  enzyme  in 
Bacillus  Huorescens  liquefaciens  and  in  Oidium  lactis.  The 
culture  of  each  organism  was  ground  carefully  and  was  filtered 
through  a  Chamberland  filter.  The  filtrate  was  shaken  with 
sterile,  half-molten  butter,  while  the  container  was  cooled  by 
means  of  ice  water.  The  portion  of  the  aqueous  extract  of  the 
organism,  which  was  not  retained  by  the  solidified  butter,  was 
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decanted.  In  the  case  of  each  extract  the  butter  remained  sterile ; 
but  its  acid  value  increased,  although  the  acidity  of  a  control 
butter  did  not  change.  Since  all  fat-splitting  organisms  hydro- 
lyze  the  different  glycerides  of  the  butter  fat  in  the  same  ratio, 
it  follows  that  each  glyceride  does  not  require  a  special  lipolytic 
enzyme. 

Jensen  concludes  that  rancidity  of  butter  is  due  to  the  pres- 
ence of  volatile  fatty  acids  and  esters.  The  bacteria  liberate 
volatile  fatty  acids  during  the  earlier  stages  of  the  process ;  later 
on,  the  moulds,  especially  Oidium  lactis  and  Cladosponnin  butyri, 
by  their  combined  action  give  rise  to  both  volatile  acids  and  esters. 

Lafar^^  suggests  that  the  normal  aroma  of  butter  is  due 
partly  to  the  action  of  Bacillus  butyri  fluorescens.  He  also  stored 
a  saniple  of  butter  and  a  specimen  of  the  same  butter,  to  which 
lo  per  cent,  of  sucrose  had  been  added,  in  an  atmosphere  of 
hydrogen  for  37  days.  At  the  end  of  the  period  both  samples 
retained  their  pleasant  taste;  no  rancid  or  unpleasant  odor  had 
developed ;  the  color,  however,  had  become  somewhat  paler.  Bac- 
terium butyri  coUoideum  was  the  predominant  species  in  these 
stored  butters.  From  the  bacterial  content  of  the  two  samples, 
and  from  the  absence  of  rancidity  in  them,  Lafar  concluded  that 
certain  bacteria  are  able  to  thrive  in  butter  even  when  air  is  ex- 
cluded, but  an  influence  upon  the  rancidity  of  butter  is  not  to  be 
ascribed  to  these  organisms.  Moreover,  the  presence  in  butter 
of  aerobes,  which  are  able  to  increase  in  a  medium  containing 
sugar  even  when  air  is  excluded,  could  not  be  shown. 

Conn^^  and  Weigmann  ^^  ^gree  that  the  aroma  of  sweet 
butter  is  due  to  the  simultaneous  action  of  several  species  of 
micro-organisms.  Conn  states  that  the  good  flavor  is  produced 
by  acid  formers,  and  good  aroma  results  from  the  action  of  other 
micro-organisms.  He  mentions  two  species  which  gave  to  butter 
an  aroma  very  closely  approximating  to,  if  not  identical  with, 
the  aroma  of  normal  butter.  Under  cultivation  these  species 
apparently  lost  their  aroma-producing  power ;  they  were  not  acid 
formers,  but  rather  belonged  to  the  class  of  organisms  that  attack 
albumen.  The  flavor  which  they  produced  in  butter  was  inap- 
preciable. Weigmann  concludes  that  the  aroma  of  ordinary 
commercial  butter  is  due  to  the  action  of  two  classes  of  organ- 
isms. The  one  class  possesses  the  property  of  acid-formation 
and  ester-formation,  while  the  other  class  is  characterized  by 
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proteolytic  power.  Compounds  which  have  a  good  odor  and 
taste  are  thus  produced. 

Laxa  ^^  studied  the  effect  of  each  of  the  following  organisms 
upon  butter  fat:  Oidiiim  lactis,  Penicillium  glaucum,  Mucor, 
Saccharomyccs,  Tyrotrix  tenuis,  another  Tyrotrix  species,  Bacil- 
lus ilnorescens  liquefaciens,  Bacilli  numbered  2  and  3,  Bacillus  a 
Freudenreich,  a  streptococcus  and  a  sarcina.  Laxa  used  a 
unique  process  in  order  to  obtain  a  medium  which  contained 
butter  fat  in  a  fine  state  of  division.  Milk  was  treated  with  ren- 
net, the  curd  was  collected  and  sterilized  by  means  of  steam. 
Lactic  acid  had  previously  been  added  to  the  curd  intended  for 
use  with  moulds  and  yeasts.  Each  organism  was  sown  in  pure 
culture  upon  this  medium ;  the  inoculated  curds  were  stored  in  a 
dark  place  at  room  temperature  for  a  period  of  one  to  four 
months.  At  the  end  of  that  time,  analyses  w^ere  made  of  the  fat 
of  those  curds  each  of  which  was  found  to  be  a  pure  culture  of 
the  particular  organism  with  which  it  was  inoculated.  Con- 
taminated curds  were  rejected.  The  fat  of  sterile  control  curds 
was  submitted  to  analysis  at  the  same  time.  To  separate  the  fat 
from  the  curd,  the  latter  was  acidified  with  dilute  sulphuric  acid 
and  extracted  w'ith  ether.  The  fat,  which  remained  after  evap- 
oration of  the  ether,  was  washed  with  warm  water  until  free 
from  sulphuric  acid,  and  then  was  filtered  and  dried  at  100°  C. 

Both  Mucor  and  Oidium  lactis  increased  the  iodine  number 
and  acidity  of  the  fat,  and  decreased  the  refractive  index,  saponifi- 
cation number  and  Reichert-Meissl  number.  Oidiiuii  caused 
an  increase  in  the  Hehner  number.  The  mean  molecular  weight 
of  the  volatile  fatty  acids  was  increased  by  each  of  the  moulds. 
Both  moulds  liberated  insoluble  fatty  acids  the  mean  molecular 
weight  of  which  was  higher  than  that  of  the  insoluble  acids  of 
the  control ;  hence,  the  conclusion  is  drawn  that  hydrolysis  of  the 
glycerides  of  all  the  insoluble  acids  does  not  occur  uniformly,  but 
the  glycerides  of  the  insoluble  acids  of  higher  molecular  weight 
are  more  readily  attacked.  The  iodine  number  of  the  insoluble 
acids  liberated  by  Oidium  lactis  was  higher  than  that  of  the 
insoluble  acids  of  its  control,  while  those  liberated  by  Mucor  had 
an  iodine  number  very  slightly  lower  than  that  of  the  insoluble 
acids  of  its  control. 

Penicillium  glaucum  gave  rise  to  an  increase  in  the  acidity  of 
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the  fat,  and  produced  very  slight  decreases  in  the  iodine  and 
Reichert-Meissl  numbers. 

Each  of  the  moulds,  Oidimn  lactis,  M'ucor,  and  Penicillium 
glauciim,  was  allowed  to  act  in  pure  culture  upon  a  nutrient  solu- 
tion to  which  a  small,  known  quantity  of  one  of  the  acids — acetic, 
butyric,  caproic,  and  caprylic — had  been  added.  After  seventeen 
days  had  passed,  the  residual  acid  was  determined  in  each  experi- 
ment by  acidifying  with  dilute  sulphuric  acid,  distilling,  and 
titrating  the  distillate.  Oidium  lactis  was  able  to  consume  acetic' 
butyric  and  caproic  acids;  Penicillium  glaucum  consumed  acetic 
and  butyric  acids  and  traces  of  caproic  acid;  Mucor  consumed 
acetic  acid.  None  of  the  moulds  was  able  to  decompose  caprylic 
acid,  which  prevents  their  growth;  even  its  lower  homologues,  if 
present  in  sufficient  concentration,  exert  an  influence  harmful  to 
the  growth  of  the  moulds.  Since  these  higher  volatile,  soluble 
acids  in  the  free  state  act  as  poisons  toward  the  moulds,  hydro- 
lysis of  the  glycerides  of  the  volatile  acids  decreases  as  their 
molecular  weight  increases. 

In  a  nutrient  solution,  to  which  i  per  cent,  glycerol  had  been 
added,  Oidium  lactis  completely  consumed  the  glycerol  during 
the  course  of  a  month. 

Laxa  proved  the  existence  of  a  lipolytic  enzyme  secreted 
by  Penicillium  glaucum  and  by  Mucor.  The  pellicle  obtained  by 
growing  one  of  these  moulds,  was  ground  with  glass  and  the 
resulting  liquid  was  filtered  through  fine-meshed  linen.  The 
liquid  from  each  mould  was  able  to  hydrolyze  both  monobutyrin 
and  butter  fat.  Either  totuol  or  chloroform  was  used  as  a 
bactericide.  Similar  experiments  with  Oidium  lactis  gave  such 
unsatisfactory  results  that  no  conclusions  could  be  drawn  con- 
cerning the  secretion  of  a  lipase  by  this  mould. 

It  was  proved  that,  when  either  Oidium  lactis  or  Penicillium 
glaucum  act  upon  casein  in  the  presence  of  a  solution  of  mineral 
salts  and  lactic  acid,  fatty  bodies  are  formed  from  the  casein  and 
may  be  isolated  from  both  the  mould  pellicle  and  the  liquid. 
This  fat,  which  has  an  iodine  number  far  higher  than  that  of 
butter  fat,  however,  is  produced  in  such  minute  quantities  that 
it  can  exert  no  influence  upon  the  constants  of  a  fat  which  has 
been  decomposed  by  moulds  in  the  presence  of  casein. 

Saccharomyces  produced  an  odor  of  volatile  acids.  The  yeast 
caused  these  changes  in  the  constants  of  the  fat:  slight  rise  in 
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acidity,  slight  decrease  of  saponification  number,  exceedingly 
small  increase  of  iodine  number  and  very  slight  decrease  of 
Reichert-Meissl  number. 

Of  the  bacteria  which  peptonize  casein,  each  of  the  two  varie- 
ties of  Tyrotrix  were  without  action  on  butter  fat;  the  bacilli 
numbered  2  and  3  were  characterized  chiefly  by  the  increase  in 
acidity  which  they  produced.  Bacillus  fluorescens  liqiiefaciens 
gave  rise  to  changes  in  the  fat  exactly  similar  to  those  produced 
by  the  moulds.  The  refractive  index,  saponification  number  and 
Reichert-Meissl  number  decreased,  while  the  acidity,  iodine  num- 
ber and  Hehner  number  increased. 

The  lactic  acid  organisms  including  Bacillus  «  Freunden- 
reich,  a  streptococcus  and  a  sarcina,  were  without  action  upon 
butter  fat. 

Schreiber  ^^  studied  the  role  of  organisms  in  the  decomposi- 
tion of  the  fats.  The  organisms  were  allowed  to  act  upon  oil  of 
sweet  almonds  which  either  was  mixed  with  a  nutrient  solution, 
or  was  emulsified  by  means  of  gum  Arabic  with  the  nutrient  solu-  ' 
tion.  Pure,  precipitated  calcium  carbonate  was  always  added 
to  the  media  for  bacteria,  and  was  frequently  added  to  that  for 
moulds.  Two  bacilli  and  a  mould,  which  destroy  fat,  were 
obtained  from  earth  by  means  of  rolls  of  sterile  butter  fat  which 
were  buried  in  earth,  in  flower  pots,  for  several  months.  At  the 
end  of  that  period  organisms  were  found  only  on  the  outer  por- 
tion of  the  butter  fat;  none  was  present  in  the  interior.  Even 
when  a  roll  of  butter  fat  was  buried  for  a  year  and  had  become 
crumbly,  portions  of  the  interior  were  still  sterile. 

Each  organism  was  permitted  to  act  upon  a  known  weight 
of  almond  oil,  usually  for  44  days  at  room  temperature,  the  quan- 
tity of  fat  plus  free  fatty  acid  and,  at  times,  of  fatty  acids  present 
as  soaps,  was  then  determined. 

Bacillus  Uuorescens  liqiiefaciens  was  obtained  from  earth  by 
means  of  the  buried  butter  fat,  on  which  it  occurred  more  fre- 
quently than  any  other  organism.  It  decomposed  the  almond 
oil  vigorously;  the  decomposition  was  more  rapid  and  extensive 
in  emulsions  of  the  oil  in  the  medium  than  in  mere  mixtures  of 
oil  and  medium.  The  bacillus  died  off  in  the  incubator  and  in 
the  direct  sunlight  without  decomposing  the  oil.  Cultivation 
upon  artificial  media  caused  the  organism  to  lose  its  power  to 
decompose  fats. 
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Bacillus  pyogenes  was  able  to  decompose  the  almond  oil,  but 
lost  this  power  when  cultivated  upon  artificial  media.  The  ques- 
tion of  the  identity  of  this  bacillus  with  Bacillus  fluorescens  lique- 
faciens  has  not  yet  been  finally  settled,  according  to  Schreiber. 

Bacillus^,  which  was  obtained  from  earth  by  means  of 
butter  fat,  not  only  decomposed  the  oil  but  also  consumed  large 
quantities  of  it.  The  organism  was  a  liquefier,  and  retained  the 
power  to  decompose  fats  when  grown  upon  artificial  media.  It 
was  but  slightly  retarded  in  its  action  upon  the  oil  by  light,  but 
was  killed  by  the  temperature  of  the  incubator  before  it  could 
attack  the  oil.  Both  Bacillus  fluorescens  liquefaciens  and  Bacil- 
lus^ produced  butyric  acid  from  almond  oil.  Spirillum  F inkier 
and  Micrococcus  tetragenus  also  decomposed  fat. 

A  mould  designated  tt  Mucor  mucedo,  Penicilliuui  glaucum 
and  an  Oidium  (either  lactis  or  albicans)  were  found  to  possess 
the  power  to  decompose  almond  oil.  Two  species  of  yeasts  were 
unable  to  attack  the  oil.  Moulds  were  not  harmed  by  the 
liberated  acids. 

The  secretion  of  a  lipase  by  Mucor  mucedo  or  by  Bacillus 
nuorescens  could  not  be  proved,  Each  organism  was  grown 
in  a  nutrient  solution  for  two  months,  and  was  then  killed  by 
addition  of  thymol.  Almond  oil  was  next  added  to  each  culture, 
but  both  qualitative  and  quantitative  tests  failed  to  show  any 
hydrolysis  of  the  oil,  whence  the  conclusion  was  drawn  that 
lipolytic  enzymes  had  not  been  secreted  by  the  organisms.  ^  _ 

The  influence  of  anaerobic  conditions  upon  decomposition  of 
fats  by  organisms  was  also  studied.  A  nutrient  solution,  to 
which  almond  oil  had  been  added,  was  inoculated  with  garden 
earth  and  preserved  in  an  atmosphere  of  hydrogen  for  forty- 
four  days.  A  very  slight  hydrolysis  of  the  oil  occurred,  but  none 
of  it  was  consumed.  A  similar  experiment,  in  which  humus 
was  substituted  for  earth,  gave  similar  results.  Schreiber  is  not 
sure  that  the  slight  hydrolysis  was  due  to  the  action  of  organisms, 
but  is  certain  that  oxygen  is  essential  for  decomposition  (destruc- 
tion) of  the  fats  bv  organisms.  He  also  concludes  that  pure 
fat  bv  itself  does  not  support  the  growth  of  organisms,  that 
organisms  not  only  split  but  also  further  destroy  fats,  and  that 
far-destroying  activity  of  the  organisms  is  united  with  their  vital: 

processes. 

Rahn^i  discusses  the  work  of  various  investigators  concern- 
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ing  the  changes  produced  by  bacteria,  moulds  and  yeasts,  in  butter 
fat  during  the  development  of  rancidity ;  in  cheese  fat  during  the 
process  of  ripening,  and  in  fats  placed  within  the  ground.  From 
their  labors  he  concludes  that  only  a  few  bacteria  are  known 
which  can  consume  fat,  although  in  the  case  of  the  moulds  this 
property  occurs  more  frequently.  The  decomposition  of  fats  by 
organisms  takes  place  only  in  the  presence  of  organic  nitrogenous 
compounds  which  provide  nourishment  for  the  organisms;  the 
glycerol  of  the  fats  also  serves  as  a  food.  The  decomposed  fats 
always  show  a  higher  acid  value  than  the  same  fats  in  the  fresh 
condition.  While  bacteria,  as  a  rule,  consume  the  fatty  acids 
uniformly  and  without  choice,  moulds,  on  the  other  hand,  show 
a  preference  for  the  lower  fatty  acids.  In  the  oxidation  of  these 
bodies  residual  products  are  never  observed,  therefore  the  oxida- 
tion apparently  is  complete.  However,  in  the  decomposition  of 
olein,  the  odor  of  butyric  acid  was  noticed;  this  acid  may  possibly 
have  arisen  from  the  glycerol  or  from  the  peptone.  Rahn  states 
that  anaerobic  decomposition  of  fats  never  occurs ;  although 
glycerol  may  be  decomposed  by  anaerobes,  this  class  of  organisms 
is  not  able  to  attack  the  fatty  acids  with  their  low  oxygen  con- 
tent. He  ascribes  rancidity  to  the  action  of  aerobic  organisms. 
In  a  second  paper  Rahn  ^^  describes  two  bacteria,  several 
moulds  and  a  yeast,  which  were  isolated  by  an  accumulation 
process  and  special  culture  methods  from  a  mixture  of  earth, 
water  and  palm  oil  or  swine  fat,  or  from  an  emulsion  of  rancid 
butter  fat  in  mineral  salt  solution.  The  most  prominent  charac- 
teristic of  these  organisms  was  their  ability  to  grow  and  to  de- 
compose fat  in  a  medium  which  consisted  of  a  solution  of  mineral 
salts.  Unlike  the  fat-decomposing  organisms  previously  known, 
these  new  species  did  not  require  organic  nitrogenous  compounds 
as  food;  an  ammonium  phosphate  sufficed  as  the  source  of 
nitrogen. 

( To  be  continued. ) 
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About  the  year  1867  Mr  Thomas  Hall  had  the  distinction  of 
having  invented  and  constructed  a  writing  machine  embodymg 
the  type  bar  principle,  which,  though  crude,  contamed  most  of 
the   essentials   of   the   successful   writing  machmes   of   to-day. 
But  it  seems  that  he  abandoned  that  plan  of  construction  and 
devoted  his  energies  to  a  machine  which  was  finally  marketed 
about  the  year  1880,  known  as  the  Hall  typewriter,  its  construc- 
tion consisting  of  what  is  known  as  the  pantograph  principle,  all 
of  the  type  being  placed  on  a  soft  rubber  pad  about  square  in 
outline,  so  that  by  the  moving  of  a  stylus  the  proper  character 
is  brought  under  a  recess  in  the  plate,  which  lies  just  above  it, 
permitting  this  elastic  type  carrier  to  act  with  the  proper  type 
through  the  recess  and  with  the  aid  of  a  pushing  member,     it 
was  strictly  a  one  hand  machine,  so  far  as  effective  work  was 
concerned   the  other  hand  serving  as  a  controlling  medium,  and, 
taking  into  consideration  this  handicap,  the  machine  served  in 
some  cases  very  well  for  that  period. 

The  first  machine  introduced  and  which  could  be  classed  as 
highly  practical  was  the  Remington  typewriter,  possessing  the 
now  well-known  type  bar  principle,  which  was  first  introduced 
about  the  year  1873.  This  machine  was  mainly  invented  by  a 
man  named  Sholes.  who  was  a  printer  by  trade.  Through 
the  assistance  of  an  ingenious  workman,  Mr.  Sholes  having  no 
mechanical  training,  he  was  enabled  to  build  a  crude^  model 
machine.  This  proved  to  possess  the  more  essential  principles 
necessary  to  the  class  of  typewriter  which  could  best  be  con- 
structed at  that  period.  The  results  of  his  efforts  were  recog- 
nized as  of  particular  merit  by  two  gentlemen,  Messrs.  Densmore 
and  Yost,  long  since  deceased.  They  purchased  his  patents  and 
were  finally  successful  in  interesting  the  Remington  Company, 
at  Ilion    N    Y  .  a  concern  which  was  extensively  engaged  m 
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the  constructing  of  fire  arms  during  the  Civil  War  period,  a  class 
of  work  requiring  a  high  degree  of  mechanical  skill  for  that 
time. 

However,  the  original  model  (which  was  very  largely  con- 
structed from  wood)  was  used  as  a  masterpiece,  and  from  it, 
through  the  skill  at  the  command  of  the  Remington  concern,  was 
produced  a  machine  which  would  write  acceptably  to  those  hav- 
ing the  matter  in  hand. 

The  next  important  problem  which  confronted  the  promotors 
was  to  establish  a  market  and  it  has  been  related  that,  at  first, 
in  no  particular  instance  could  a  business  man  be  found  who 
would  believe  that  its  introduction  i-n  the  office  would  be  a  prac- 
tical undertaking.  They  therefore  adopted  the  policy  of  lending 
a  machine  to  each  of  several  hundred  business  houses,  presum- 
ably with  the  hope  that  some  would  find  time  to  practice  upon 
them,  and  with  the  full  belief  that  it  would  develop  in  the  minds 
of  not  a  few  that  a  saving  of  time  as  against  hand  writing  was 
possible. 

In  this  their  judgment  proved  correct,  it  having  been  reported 
hy  many  that  the  use  of  the  machine  was  not  only  a  saving  of 
labor  in  correspondence,  but  that  it  also  proved  of  great  value 
in  the  reading  of  letters  received.  It  goes  without  saying  that 
the  more  progressive  of  these  managements  quite  readily  adopted 
the  typewriter  thereafter. 

Sufficient  years  have  elapsed  since  these  earliest  efforts  to 
enable  those  who  have  had  many  and  varied  dealings  with  the 
subject  to  judge  why  certain  ideas  in  construction  then  prevailed. 
It  can  well  be  said  that,  at  that  time,  to  create  a  mechanical 
instrument  which  would  possess  all  of  the  movements  necessary 
to  the  writing  of  letters  and  to  build  it  economically,  could  be 
rated  as  a  considerable  undertaking,  even  though  certain  sacrifices 
as  regarded  the  user  were  allowed  in  order  to  favor  the  problem 
from  a  manufacturing  viewpoint;  and  it  is  my  opinion  that  the 
blind,  under-strike  machine,  as  constructed  during  its  earlier 
stages,  represented,  and  necessarily  so,  one  of  the  simplest  forms 
which  could  have  been  introduced  into  a  factory  as  a  manu- 
facturing proposition  and  at  the  same  time  possessed  elements 
of  fair  speed  and  durability. 

In  this  early  machine  the  type  bars  were  suspended  in  a  circle, 
each  and  all  so  arranged  as  to  strike  upwardly  to  a  common 
centre.     The  key  levers  represented  levers  of  the  second  order, 
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simply  extending  from  the  key  button,  rearward,  and  hinged  at 
the  back  of  the  machine.  There  were  wire  connections  between 
each  bar  and  its  companion  lever,  which  were  fitted  with  a 
so-called  turn-buckle.  This  turn-buckle  rendered  it  an  easy  task 
to  establish  a  proper  distance  between  the  two  members,  the 
type  bar  and  the  key  lever,  irrespective  of  the  position  at  each 
engaging  point,  as  the  type  bars,  when  inactive,  rested  upon  a 
central  ring  or  nest  which  served  to  arrest  their  movement  when 
returning  from  the  printing  point.  The  spread  of  keyboard  and 
lever  system,  as  against  the  diameter  of  type  bar  suspension  ring, 
was  also  worthy  of  note.  These  turn-buckles,  furthermore, 
served  the  purpose  under  adjustment  to  compensate  for  angu- 
larity of  connection  as  well  as  to  place  each  key  button  at  its 
proper  elevation,  so  as  to  afford  an  accurate  level  for  all  through- 
out each  bank  of  keys. 

It  will  be  seen  that,  aside  from  the  question  of  affording  a 
proper  and  accurate  jointage  or  hinge  for  each  type  bar,  so  as 
to  insure  truth  of  movement  to  the  printing  point,  the  rest  of  the 
type  bar  and  key  lever  system  required  no  great  degree  of  exact- 
ing workmanship ;  and  that  in  order  to  lend  these  important 
advantages  to  their  manufacture,  one  of  the  most  essential 
qualities  from  the  user's  standpoint — ^visibility — was  sacrificed. 
The  rest  of  the  mechanism  simply  afforded  the  usual  means  of 
controlling  the  paper,  both  as  to  longitudinal  movement  and 
proper  graduating  between  lines,  coupled  with  the  simplest  pro- 
vision for  inking  the  type.  As  speed  competitions  between  instru- 
ments was  then  unknown,  and  as  the  operators  of  these  machines 
were,  in  the  main,  moderate  in  their  speed  of  writing,  refine- 
ments in  detail  as  associated  wnth  the  carriage  movement  were 
not  then  of  a  pressing  nature  in  order  to  secure  commercial 
success. 

The  success  of  this  first  practical  writing  machine  during  the 
few  years  which  followed  naturally  stimulated  invention,  and  it 
was  but  natural  that  other  plans  of  construction  should  develop, 
and  of  course  each  inventor  had  his  own  notions  as  to  the  founda- 
tion principles. 

A  machine  known  as  the  Caligraph  was  one  of  the  next  to 
appear,  the  main  novelty  in  construction  being  that  each  type  bar 
carried  but  one  type  as  against  two  in  its  predecessor,  but  this 
step  doubled  the  number  of  type  bars,  key  levers,  and  key  buttons. 
Yet  to  offset  this  seeming  disadvantage  with  the  keyboard,  there 
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was  no  need  for  a  shift  key  in  the  using  of  capital  letters.  How- 
ever, it  seems  that  certain  patents  then  still  in  force  compelled 
other  deviations.  The  lever  system  was  extended  forward  and 
considerably  beyond  the  keyboard,  at  which  forward  point  the 
key  levers  were  fulcrumed,  thereby  providing  a  lever  of  the 
third  order,  which  principle  of  lever,  as  applied,  compelled  a 
greater  variation  in  key  depression  with  each  key  bank  in  order  to 
drive  the  type  bar  to  the  printing  point.  The  means  for  pro- 
pelling the  carriage  longitudinally  was  also  of  a  different  nature, 
yet  the  carriage  proper  was  somewhat  simplified  due  to  the 
absence  of  the  shift  movement.  This  make  of  machine  was 
afterward  sold  in  considerable  numbers  for  a  term  of  years. 
Yet  as  a  great  majority  of  users  favored  the  single  shift  key 
principle,  the  Caligraph  machine  afterward  became  less  popular 
and  is  now  no  longer  manufactured. 

Another  machine  which  appeared  soon  afterward  was  a  type 
wheel  machine  known  as  the  Hammond  typewriter,  invented 
by  Mr.  James  B.  Hammond,  who  undertook  the  task  about 
the  year  1876,  and  the  machine  was  introduced  in  the  market,  I 
believe,  about  the  year  1884.  This  machine  met  with  consid- 
erable success,  having  certain  unique  advantages  in  its  adapta- 
bility to  the  employment  of  characters  common  to  various  lan- 
guages, as  it  was  provided  with  an  interchangeable  type  wheel 
system,  thereby  enabling  its  users  to  quickly  shift  from  one  class 
of  correspondence  to  another.  I  understand  it  is  received  with 
particular  favor  in  the  Latin  countries. 

As  a  rule,  the  unusual  accomplishments  attending  any  given 
case,  that  is,  an  arrangement  which  is  too  universal,  are  effected 
through  sacrifice  of  some  sort,  and  against  the  type  wheel  style 
of  construction  it  has  been  claimed  that  the  machines  operate 
more  slowly,  due  to  the  added  weight  of  the  active  printing  parts ; 
for  instead  of  acting  upon  an  individual  type  bar,  as  with  the 
other  class  of  machine,  a  member  carrying  all  characters  is 
involved  under  this  plan  of  construction  and  the  added  weight 
must  necessarily  retard  the  speed  of  the  action. 

It  will  be  noted  that  prior  to  the  year  1890  three  distinct 
classes  of  machines  had  been  developed  and  extensively  used,  and 
it  can  truly  -be  said  that  very  much  the  greater  number  sold  of 
the  three  was  that  incorporating  the  type  bar  idea  and  with  a 
single  shift  keyboard,  each  bar  carrying  two  type — upper  and 
lower    case.      This   most    popular    construction,    however,    still 
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lacked  a  vital  quality,  namely,  visibility,  and  as  the  typewriter 
business  was  rapidly  increasing  in  volume  it  was  bat  natural  that 
inventors  should  try  to  overcome  this  defect  and  so  endeavor  to 
reduce  the  improvement  broadly  to  commercial  practice. 

In  this  undertaking  many  minds  were  at  work,  the  earlier 
attempts  being  largely  confined  to  the  so-called  top-strike  prin- 
ciple, which  construction,  due  to  the  law  of  gravitation,  placed 
the  type  bars  at  a  great  disadvantage  in  their  return  movement, 
and  furthermore  introduced  many  complications  difficult  to  deal 
with  in  factory  practice.  It  fell  to  the  lot  of  an  inventor  named 
Franz  Wagner,  a  German  by  birth,  to  present  a  foundation 
plan  of  the  construction  for  a  visible  writing  machine  and,  with 
the  aid  of  other  able  minds,  this  developed  into  what  afterward 
became  known  as  the  Underwood  visible  typewriter.  This 
machine  incorporated  a  front-strike  principle  of  type  bar,  and 
was  first  introduced  into  the  market  in  a  very  limited  way  in 
the  year  1896. 

The  advantages  of  the  front-strike  principle  in  visible  writ- 
ing machines  may  be  set  forth  as  follows :  The  type  bar  moves 
downward  from  the  printing  point  after  printing,  thus  afford- 
ing a  quick  return  to  the  bar.  particularly  with  a  provision  on 
the  Underwood  of  the  so-called  banking  ring.  Against  this 
banking  ring  each  type  bar  collides  about  midway  in  its  length  in 
printing,  thereby  affording  a  quick  reacting  movement,  lending 
speed  to  the  machine  by  aiding  in  the  prevention  of  type  bar 
collisions,  this  banking  ring  also  helps  to  quickly  separate  the 
type  from  the  paper  after  the  imprint  is  made  and  thus  prevents 
a  blur,  as  with  a  speedy  up-to-date  machine  the  carriage  move- 
ment starts  simultaneously  with  the  contact  of  the  type.  While 
it  is  true  that  in  starting  the  type  bar  in  action  toward  the  print- 
ing point  it  immediately  begins  with  an  upward  movement,  yet 
this  seeming  disadvantage  is  very  cleverly  overcome  by  means 
of  a  cam  action  associated  with  the  bar,  whereby  the  greatest 
leverage  is  had  in  starting  the  bar  into  motion;  the  cam  move- 
ment so  favoring  the  motion  thereafter  as  to  lend  an  accelerated 
action,  giving  quickness  of  movement  as  a  whole  and  yet  an  easy 
starting  action  under  finger  pressure  at  the  key  lever.  The  front- 
strike  idea  also  places  the  printing-point  at  the  best  position  and 
favorable  to  the  operator.  It  also  makes  possible  in  the  con- 
struction of  the  machine  a  proper  position  for  parts  such  as 
would  otherwise  detract  from  this  valued  quality. 
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That  the  perfecting  of  a  front-strike  visible  machine,  such  as 
was  introduced  as  far  back  as  the  year  1896,  was  a  great  step  of 
progress,  can  best  be  judged  by  the  number  of  similar  machines 
incorporating  this  principle  which  have  since  been  introduced  by 
several  of  the  most  prominent  of  the  older  makers  of  typewriters. 

The  building  of  typewriters,  cash  registers,  adding  machines, 
sewing  machines,  small  fire  arms,  bicycles,  etc.,  comes  within  the 
scope  of  what  is  known  as  manufacturing  on  the  interchangeable 
part  plan,  the  sewing  machine  presumably  being  one  of  the  first 
inventions  wherein  this  system  was  applied  in  a  broad  sense. 
This  system  was  developed  almost  wholly  in  New  England,  and 
principally  in  the  State  of  Connecticut,  as  was  also  the  case  with 
the  sewing  machine  itself.  Associated  with  this  system  of  manu- 
facture are  several  machines,  which  were  necessarily  perfected 
to  give  the  plan  completeness  and  economy  of  method.  While 
this  group  of  machines  is  at  present  extensively  used  throughout 
the  civilized  world,  giving  wonderful  productive  power.  New 
England  contributed :  the  milling  machine,  punch  press,  drop 
hammer,  high  speed  sensitive  drilling  machinery,  and  the  pro- 
filing machine,  the  latter  so  largely  used  in  fire  arm  manufacture 
on  irregular  forms  of  the  compounded  type. 

Coupled  with  the  above  as  manufacturing  machines,  followed 
the  special  tools,  such  as  jigs  for  the  establishing  of  holes  with 
interchangeable  accuracy,  punches  and  dies  of  endless  variety  for 
the  shaping  of  sheet  metals,  and  milling  machine  cutters  with 
their  many  irregular  forms. 

The  earlier  typewriter,  when  introduced,  lacked  many  of  the 
manufacturing  advantages  common  to-day,  as  the  art  of  manu- 
facturing on  the  interchangeable  plan  began  substantially  with 
the  sewing  machine  and  has  been  developed  almost  wholly  within 
the  lifetime  of  many  now  living.  Very  many  of  the  instruments 
which  have  to  do  with  interchangeable  accuracy  have  been 
developed  since  the  typewriter  reached  the  state  of  common  use, 
and  it  will  therefore  be  understood  why  certain  designs  prevailed. 
With  few  exceptions  precision  work,  owing  to  the  nature  of 
earlier  typewriter  designs,  was  not  necessary,  for,  barring  the 
jointage  of  the  type  bar  in  order  to  preserve  its  truth  in  printing, 
there  was  little  required  in  accurate  workmanship  throughout 
the  system  of  type  bars,  key  levers,  and  connecting  parts ;  the 
key  levers,  for  example,  consisting  merely  of  plain  straight  bars 
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of  wood.  Therefore,  perhaps,  two  reasons  can  be  assigned  for 
the  appearance  to  start  with  of  a  machine  devoid  of  the  visible 
writing  quaHty:  first,  because  a  construction  yielding  visibility 
would  have  proved  a  too  difficult  task  to  the  inventor  at  that 
time;  second,  had  such  a  machine,  even  as  represented  in  the 
most  up-to-date  pattern  of  to-day,  been  then  presented  in  model 
form,  the  incompleteness  in  manufacturing  methods  and  practice 
of  that  period  would  have  rendered  impossible  the  task  of  its 
practical  manufacture.  Among  the  earlier  machines  the  Ham- 
mond displayed  certain  unusual  attainments  in  advanced  work- 
manship, as  the  fashioning  of  steel  dies  or  moulds  for  their  hard 
rubber  type  wheels  represented  a  rare  acomplishment  for  that 
period. 

In  the  way  of  raw  materials  as  applied  to  instrument  build- 
ing, the  progress  made  in  the  manufacture  of  steel  in  its  various 
forms  has  been  very  great,  and  as  similar  gains  have  also  been 
made  in  the  production  of  other  raw  material,  so  likewise  have 
the  manufacturers  of  special  and  complete  mechanisms  followed 
in  the  train  of  mechanical  progress.  For  instance,  should  a 
typewriter  factory  cease  to  harden  all  of  such  parts,  as  is  the 
practice  of  to-day,  and  yet  do  all  else  equally  well,  its  product 
would  be  practically  valueless  to  the  using  public,  although  but 
a  few  years  ago  very  few  of  the  parts  received  such  treatment. 
The  result  is  a  greatly  increased  life  and  substantial  value 
commercially. 

Assuming,  therefore,  that  proper  advancement  has  been 
made  mechanically  since  the  introduction  of  the  typewriter,  the 
"  Factory  "  and  its  workings  may  be  briefly  considered.  The 
plant  of  the  Underwood  Typewriter  Company  embodies  the  most 
modern  ideas  of  factory  management  and  may  properly  serve 
as  a  model  for  the  general  consideration  of  the  subject. 

In  the  operation  of  an  extensive  plant  of  this  class,  there 
is  necessarily  much  applied  system  which  includes  many  distinct 
branches  of  labor.  Apart  from  those  relating  to  production, 
it  has  been  found  necessary  to  establish  an  Experimental  De- 
partment in  which  is  employed  a  corps  of  trained  technical 
men  whose  duty  it  is  to  find  solutions  to  the  many  technical 
problems  that  arise  in  the  course  of  manufacture  and  to  devise 
and  apply  novel  features  or  improvements  demanded  by  the 
consistent  growth  of  the  art.     The  maintainance  of  a  depart- 
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ment  of  this  kind,  though  it  takes  no  part  in  the  operations 
of  manufacture,  has  amply  proved  its  value  by  its  influence 
in  effecting  economies  in  manufacture  and  improving  the  product. 

When  a  large  plant  is  operating  to  its  full  capacity  great 
care  is  necessary  in  the  purchase  of  material,  machinery  and 
tools,  that  each  is  of  the  proper  character  and  quality  and 
delivered  at  the  proper  time.  This  service  demands  of  the 
Purchasing  Division  very  close  contact  with  the  workings  of 
the  factory  as  well  as  an  accurate  and  extended  knowledge  of 
the  resources  of  available  supply  houses,  as  it  is  necessary  to 
know  what  firms  are  best  qualified  to  supply  material  in  ac- 
cordance with  the  factory's  needs. 

The  division  termed  the  Ways  and  Means  Department, 
includes  a  designing  department  especially  devoted  to  the  con- 
sideration of  problems  of  factory  equipment  and  the  machine 
shop  applied  to  the  building  of  special  tools  and  special  machinery 
and  to  their  upkeep. 

A  standard  design  of  the  finished  product,  therefore,  having 
been  adopted  and  assuming  that  raw  materials,  manufacturing 
machinery,  tools,  fixtures,  etc.,  are  furnished,  the  next  division 
is  devoted  to  the  manufacture  of  parts.  Such  instruments  as 
typewriters  are  composed  of  an  aggregation  of  distinct  devices 
each  performing  a  separate  function  and  each,  in  itself,  repre- 
senting groups  of  parts.  It  is,  therefore,  found  to  be  most 
practicable  to  subdivide  the  manufacture  departmentally  in  group 
form,  each  department  building  a  substantially  separate  group 
of  parts.  In  addition  to  these,  assembling,  aligning  and  final 
inspection  departments  are  provided. 

There  must  be  not  only  a  perfect  understanding  of  the  re- 
quirements of  each  department  but  a  harmonious  co-operation 
between  them.  Indeed  the  productive  capacity  of  the  various 
departments  must  be  so  co-ordinated  that  at  no  step  in  the 
successive  operations  is  any  undue  haste  necessary  to  avoid  con- 
gestion which  might  effect  quality.  In  a  well  administered 
organization  the  rate  of  output  of  each  department  is  so  well 
adjusted  that,  for  weeks  in  advance,  the  number  of  finished 
typewriters  may  be  accurately  predetermined. 

The  factory  of  the  Underwood  Company  is  one  of  the  largest 
typewriter  plants  extant  in  point  of  floor  space  and  number  of 
operatives  employed.     Its  buildings  are  nearly  all  new  and  of 
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modern  mill  construction.  It  contains  about  347,500  square  feet 
of  floor  space  and  employs  nearly  2,000  operatives.  Lighting 
and  other  features  conducing  to  comfort  and  a  resulting  greater 
efficiency  have  received  most  careful  study.  Separate  dining 
rooms  for  the  men  and  women  employed  are  maintained  by  the 
Company  where  a  mid-day  lunch  may  be  obtained  at  cost.  An 
emergency  hospital  is  another  provision  for  the  welfare  of  the 
employees  available  without  cost  where  first  aid  is  given  and 
wounds  may  be  periodically  dressed.  A  Mutual  Beneficial  As- 
sociation is  maintained  by  the  men  with  the  co-operation  of  the 
Company  who  contribute  an  amount  equivalent  to  that  subscribed 
by  the  members. 

In  harmony  with  the  Company's  endeavor  to  stimulate  the 
efificiency  of  its  men,  as  well  as  to  promote  their  welfare,  a  merit- 
system  is  applied  throughout  the  works.  The  leader  of  each 
department  keeps  a  careful  record  of  the  accomplishments  and 
progress  of  his  operatives  with  a  view  to  voluntarily  affording 
each  a  fair  and  just  compensation.  These  are  reported  and 
acted  upon  monthly.  A  premium  system  is  also  employed  which 
avoids  some  of  the  defects  of  the  commonly  known  piece  work 
system.  The  plan  of  studying  the  welfare  of  the  personell  has 
proved  most  profitable  in  leading  to  almost  uniform  content  and 
in  raising  the  standard  of  efficiency  of  the  workmen. 

The  subject  of  efficient  leadership  throughout  the  factory 
is  a  very  important  one,  as,  in  this  case,  it  involves  the  selection 
and  directing  of  a  large  corps  of  men,  each  being  chosen  from 
a  careful  consideration  of  those  requisite  cardinal  qualities,— 
honesty,  disposition  and  natural  ability  and  adaptability.  It  is 
only  a  close  adherance  to  this  mode  of  selection  that  will  insure 
what  may  be  classed  as  "  team  w^ork  "  in  its  true  sense.  The 
so-called  "  team  work  "  is  the  key-note  to  success  in  furnishing 
a  product  that  will  insure  public  good  will,  without  which  the 
growth  of  the  project  and  demand  for  its  product  is  not  possible. 

In  the  uses  to  which  typewriters  have  been  placed,  there  has 
been  the  same  degree  of  advancement  as  in  the  improvment  of 
the  machine  and  the  methods  employed  in  its  manufacture,  and 
this  has  been  particularly  true  during  the  last  five  or  six  years. 
Prior  to  that  time,  our  company,  which  should  afford  a  good 
comparison  for  trade  wants,  made  but  two  widths  of  typewriter 
carriages,  10  in.  and  14  in.  respectively,  the  14  in.  alone  represent- 


394  Charles  D.  Rice 

ing  the  machine  for  special  purposes.  In  response  to  increasing 
demands  they  are  now  made  in  seven  widths,  from  lo  in.  to  26  in. 

Coupled  with  this  great  variety  of  widths  of  typewriters, 
there  have  been  designed,  step  by  step,  numerous  attachments  to 
be  applied  to  any  width  of  carriage  and  for  some  particular 
class  of  work,  such  as  did  not  apply  to  typewriting  machines  of 
the  past.     These  may  be  enumerated  as  follows : 

A  so-called  condensed  billing  attachment,  which  is  meeting 
with  so  many  and  varied  requirements  with  large  business  houses 
in  general. 

The  tally  strip  device,  which,  in  particular,  has  proved  popu- 
lar in  department  stores, 

A  decimal  tabulator,  which  applies  so  well  with  insurance 
companies,  banks,  and  with  many  other  branches  of  work. 

The  universal  card  attachment,  which  facilitates  the  placing 
of  a  card  to  conform  with  the  original  printed  matter  contained 
thereon. 

A  label-writing  attachment,  adapted  for  the  writing  of  labels 
in  drug  stores,  as  a  label  the  size  of  an  ordinary  postage  stamp 
can  be  placed  under  perfect  control  while  writing. 

An  envelope  and  card  inserting  attachment. 

A  paper  roll  and  paper  knife  attachment,  particularly  adapt- 
able to  railway  work. 

A  typewriter-adding  machine,  the  combination  affording 
great  advantage  with  certain  classes  of  work  such  as  is  common 
with  large  manufacturers,  department  stores,  banks,  and  some 
branches  of  insurance. 

A  back-spacing  attachment,  which  facilitates  the  correcting 
of  an  error,  particularly  when  quickly  detected,  as  when  using  a 
visible  writing  machine. 

Writing  machines  are  also  equipped  with  special  type,  such 
as  would  apply  in  the  writing  of  life  insurance  policies,  and  also 
for  check  writing  in  non-erasable  form. 

A  word  regarding  the  growth  of  the  typewriter  business 
from  its  small  beginnings  may  be  interesting.  It  is  estimated 
that  in  normal  times  about  300,000  high-grade  typewriters  are 
now  produced  yearly,  representinga business  of  about  $30,000,000 
annually.  It  is  also  true  that  the  United  States  has  produced 
nearly  all  of  these  machines  from  the  first,  Germany  alone  hav- 
ing made  any  progress  in  this  direction  and  only  in  recent  years. 
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It  is  also  estimated  that  there  are  between  1,600,000  and  1,800,- 
000  writing  machines  in  daily  use;  lending  tremendous  earning 
power  and  commercial  advantage  as  against  the  old-time  prac- 
tice of  hand  writing.  In  fact,  the  art  of  stenography,  coupled 
with  the  use  of  the  writing  machine,  has  given  such  relief  to 
men  of  high  position  as  to  add  much  toward  the  world's  progress. 
In  treating  a  subject  so  broad  in  its  scope,  I  have  been  com- 
pelled to  gather  data  from  several  directions,  and  I  feel  particu- 
larly indebted  to  Mr.  Lee  S.  Burridge,  the  proprietor  of  the  Sun 
Typewriter  Company,  and  also  to  the  Providence  Society  of 
Mechanical  Engrineers  for  valued  assistance. 


BARK  AFFECTS  PENETRATION  OF  WOOD  PRESERVATIVES. 

The  government  has  gone  into  the  study  of  every  phase  of  wood  preserva- 
iton,  and  as  progress  is  made  in  new  experiments  important  facts  are  brought 
to  light  which  heretofore  have  been  given  little  or  no  attention.  One  of  the 
features  in  the  work  of  wood  preservation  which  has  been  neglected  is  the 
effect  of  patches  of  inner  bark  of  wood  in  preventing  proper  penetration  of 
preservatives. 

Before  timber  is  subjected  to  preservative  treatment,  it  is  customary  to 
remove  the  bark.  Unless  this  is  done  very  thoroughly,  however,  patches  of 
the  inner  bark  will  remain  on  the  wood. 

Until  recently,  it  does  not  seem  to  have  been  realized  that  this  bark 
presented  a  very  effectual  hindrance  to  the  penetration  of  creosote.  In  con- 
ducting some  tests  on  the  treatment  of  pine  in  Louisiana  and  Alabama  in 
1907  and  1908,  it  was  noticed  by  a  representative  of  the  Forest  Service  that 
very  little  or  no  creosote  entered  the  wood  through  even  the  thinnest  layer  of 
adhering  bark. 

The  same  thing  was  discovered  by  the  management  of  one  of  the  large 
creosoting  companies  in  the  South,  and  steps  were  immediately  taken  to  see 
that  every  particle  of  bark  was  removed  from  piling  and  other  timbers.  While 
it  is  probable  that  the  bark  of  all  species  is  not  as  resistant  as  that  of  pine, 
it  is  not  known  how  the  different  species  rank  in  this  respect. 

In  the  creosote  treatment  of  timbers,  it  is  rarely  that  the  entire  stick  is 
penetrated  by  the  preservative.  The  value  of  the  treatment  consists  largely 
in  the  creating  of  an  exterior  antiseptic  zone  around  the  untreated  interior 
portion.  If  this  outer  zone  be  broken,  the  value  of  the  treatment  is  to  a 
large  extent  lost. 

In  the  case  of  piling,  the  effect  of  any  small  portion  of  untreated  wood 
extending  from  the  outer  surface  to  the  interior  of  the  pile  is  especially 
injurious  because  of  the  manner  in  which  teredos  work.  The  teredo  enters 
the  wood  when  small,  making  but  a  tiny  hole,  perhaps  no  larger  than  a 
pinhead.  As  they  grow,  they  increase  the  size  of  their  borings,  and  if  present 
in  large  numbers  they  will  very  quickly  so  riddle  and  weaken  a  pile  that  it 
will  break  off  with  a  very  slight  strain.  Access  to  the  interior  of  a  treated 
pile  might  readily  be  gained  through  small  untreated  portions  of  the  outer 
surface  of  the  wood,  which,  because  of  bark  adhering  at  time  of  treatment, 
absorbed  no  preservative,  with  the  result  that  all  of  the  interior  untreated 
portion  would  be  riddled,  leaving  only  the  exterior  creosoted  shell  sound.  It 
is  probable  that  many  of  the  failures  of  creosoted  piling  are  due  to  this  cause. 

With  other  forms  of  timber,  the  eft'ect  may  not  be  so  quickly  seen  or  so 
disastrous,  but  in  a  similar  manner  decay  may  extend  to  the  interior  through 
any  untreated  portions  communicating  with  the  exterior. 
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Additions  to  membership  since  last  report,  ten.  The  communication  of 
the  evening,  entitled  "  Some  of  the  Lighting  Features  of  the  Hudson- 
Fulton  Celebration,"  was  presented  by  Mr.  Arthur  Williams,  Chief  Inspec- 
tor of  the  New  York  Edison  Company.  The  speaker  made  a  brief  reference 
to  the  objects  of  the  celebration  and  gave  numerous  interesting  facts  con- 
cerning the  leading  figures  in  honor  of  whom  it  was  held.  He  then  pro- 
ceeded to  describe  the  special  electrical  installations  for  the  occasion  and 
exhibited  many  remarkable  lantern  views,  taken  from  photographs,  of  the 
night  illuminations  in  and  about  New  York  City.  A  vote  of  thanks  was 
tendered  the  speaker  and  the  meeting  adjourned. 

James  Christie, 
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Analyse  du  Caoutchouc  et  de  la  Gutta-Percha.  Par  Maurice  Pontic, 
Laiireat  de  la  Societe  Chimique  de  France.  170  pages,  4I/2  x  7^  inches, 
with  II  figures  (Encyclopedic  Scientifique  des  Aide-Memoire).  Gau- 
thier-Villars,  Paris,  1909.     Paper,  2  francs  50;  cloth,  3  francs. 

The  first  part  of  this  work  is  devoted  to  the  study  of  Caoutchouc,  its 
definition,  its  botanical  origin  and  its  physical  and  chemical  properties.  The 
second  part  deals  with  gutta-percha  and  treats  of  similar  investigations  of 
the  related  product. 

The  procedure  and  apparatus  for  physical  tests  and  chemical  analysis 
adapted  to  commercial  requirements  are  fully  set  forth,  and  the  volume, 
despite  its  small  size,  constitutes  a  comprehensive  reference  work  on  the 
commercial  examination  of  these  products.  L.  E.  P. 

La  Theorie  des  Courants  Alternatifs.  Par  Alexandre  Russell,  M.A., 
M.I.E.E.  Traduit  de  I'Anglais  par  G.  Seligmann-Lui,  ancien  eleve  de 
I'ficole  Polytechnique,  Inspecteur  general  des  telegraphes.  Volume  II ; 
iv  +  460  pages,  6x9  inches,  137  figures.  Gauthier-Villars,  Paris,  1909. 
Price  IS  francs. 

This  is  a  complete  treatise  in  which  mathematical  processes  have  been 
applied  without  stint  in  elucidating  the  subject.  Notwithstanding  this  the 
author  has  borne  in  mind  that  the  primary  object  is  clearness  and  precision 
in  making  deductions  and,  accordingly,  when  that  end  can  be  served  the 
mathematical  elegance  of  general  methods  has  been  occasionally  sacrificed 
to  more  direct  proofs  by  which  the  real  nature  of  the  phenomena  treated  are 
less  obscured  than  they  would  be  if  deduced  from  some  general  algebraic 
expression. 

The  theoretical  elements  only  are  treated  in  the  first  volume,  applications 
and  practice  being  reserved  for  the  second  volume.  The  treatment  as  a 
whole  is  unusually  clear,  the  mathematical  steps  in  the  various  deductions 
being  explained  with  miiuite  care. 

A  full  bibliography  is  arranged  imder  separate  topics  at  the  end  of  each 
chapter.  L.  E.  P. 

La  Refractometrie  et  ses  Applications  Pratiques.  Par  D.  Sidersky,  In- 
genieur-Chimiste.  172  pages,  4^4x7^  inches,  with  39  figures  (Ency- 
clopedie  Scientifique  des  Aide-Memoire).  Gauthier-Villars,  Paris,  1909. 
Paper,  2  francs  50;   cloth,  3  francs. 

Many  of  the  methods  of  the  analytical  chemist  employed  in  determining 
the  identity  of  substances  depend  upon  some  physical  property.  Among  those 
that  have  acquired  extended  application,  the  measurement  of  refraction  in- 
dices, particularly  in  recent  years,  has  proved  of  increasing  importance.  The 
literature  on  the  subject  has  hitherto  been  available  only  in  a  somewhat 
fragmentary  form,  and  it  has  been  the  author's  aim  to  compile  an  account 
of  the  methods  and  apparatus  employed  for  this  purpose  with  an  outline  of 
the  principles  involved  in  the  form — at  once  condensed  and  complete — 
characteristic  of  the  Aide-Memoire  Series. 

Something  like  a  dozen  different  refractioners  both  for  general  and 
special  purposes  are  thus  described  followed  by  numerous  tables  of  refac- 
tive  indices  of  a  large  number  of  solid,  liquid,  and  gaseous  substances.  The 
volume  terminates  with  a  bibliography  of  the  subject  in  the  interests  of  inves- 
tigators seeking  a  more  detailed  account  of  special  apparatus.  L.  E.  P. 
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SouDURE  AuTOGENE  ET  Aluminothermie.  Par  E.  Chatelain,  Licencie  es 
sciences,  Professeur  aux  Laboratoires  Bourbouze,  avec  une  preface  par 
Henry  Le  Chatelier,  Membre  de  I'lnstitut.  x  +  178  pages,  4J/2  x  7 
inches,  48  figures.  Paris,  Gauthier-Villars,  1909.  Price,  paper,  3 
francs  25. 

Welding  by  means  of  the  intensely  high  temperature  flame  of  the  oxy- 
acetylene  torch  has  latterly  found  many  industrial  applications,  and  formerly 
unheard-of  welding  operations  can  now  be  performed. 

The  author,  having  under  his  direction  a  laboratory  in  which  instruction 
in  the  various  operations  in  soldering,  brazing,  and  welding  is  conducted,  is 
especially  qualified  to  elucidate  the  subject. 

The  opening  chapters  are  devoted  to  the  allied  processes  of  hard- 
soldering  and  brazing,  after  which  comes  a  full  and  well-illustrated  descrip- 
tion of  the  torch-welding  process  using  oxygen  in  conjunction  with  hydrogen, 
illuminating  gas  or  acetylene.  The  final  chapters  treat  of  the  now  well- 
known  processes  of  electrical  welding  and  of  the  "  Thermit  "  process,  which 
latter  is  investigated  at  considerable  length. 

It  is  a  timely  and  practical  work.  L.  E.  P. 

The  Elements  of  Mechanics  of  M.\terials.  A  Text  for  Students  in  En- 
gineering Courses.  By  C.  E.  Houghton,  A.B.,  M.M.E.,  Associate  Pro- 
fessor of  iNIechanical  "Engineering  in  New  York  Universitj'.  viii  +  186 
pages,  6x9  inches.  D.  Van  Nostrand  Company,  New  York,  1909. 
Price  $2.00  net. 

The  mode  of  presentation  of  a  subject  in  a  modern  technical  course  is 
rapidly  becoming  recognized  as  a  problem  of  importance  secondary  only  to 
the  judicious  selection  of  suitable  subject  matter.  The  author  has  doubtless 
been  guided  by  this  view  in  planning  the  present  work.  As  he  states,  it  is 
not  a  treatise  but  a  text-book,  compiled  from  the  well-known  work  of  Pro- 
fessor Merriman  on  the  same  subject  and  designed  to  meet  the  needs  of 
students  requiring  a  strictly  utilitarian  course  divested  of  all  non-essentials. 
Professor  Merriman's  order  of  presentation  and  notation  are  followed  to 
facilitate  reference  to  his  treatise  for  a  more  elaborate  discussion.  The  typog- 
raphy and  cuts  are  attractively  executed  and  the  work  is  made  of  particular 
value  as  a  drill  book  by  the  addition  of  a  large  and  well-selected  number  of 
test-questions  and  examples   distributed  throughout  the  text. 
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Die  Steinkohle,  Ihre  Gewinnung  und  Verwertung  unter  besonderer 
Berucksichtigung  der  nationalokonomischen  Bedeutung  der  Stein- 
kohle sowiE  DER  neuesten  Anlagen  zu  ihrer  Gewinnung,  und  Ver 
wertung  fur  Praxis  und  Selbststudium  erl.autert.  Fiir  Techniker 
Bergleute,  Kohlenindustrielle  und  Kohlenhandler.  Von  A.  Haenig. 
329  pages,  illustrations,  plates,  i2mo.  (Band  82,  Bibliothek  der  gesamten 
Tecknik.)      Price  in  paper  5  marks     Hanover,  Dr.  Max  Janecke,  1908. 

A  non-technical  work  on  anthracite  coal  covering  the  entire  subject. 
The  geology  and  formation  of  coal  is  first  considered,  this  is  followed  by  a 
list  of  the  more  important  European  coal  fields.  Considerable  space  is 
devoted  to  mining  operations — the  shafts  and  their  construction,  timbering, 
blasts  and  blasting  compounds,  drilling  and  drills,  the  lighting  and  ventila- 
tion of  mines,  the  dangers  of  fire-damp  and  mine  gases. 

The  closing  chapters  of  the  work  are  devoTed  to  the  industrial  uses 
of  coal  and  include  articles  on  the  manufacture  of  coke,  the  briquetting  of 
coal,  coal  markets  and  the  statistics  of  coal. 
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[Considerable  difference  of  opinion  exists  amongst  authorities  with  re- 
gard to  the  magnitudes  known  as  difference  of  potential  and  electromotive 
force,  respecting  their  relation  to  each  other,  and  to  the  phenomena  which 
occur  in  voltaic  cells.  Professor  Landis  has  made  analytical  and  experimental 
investigations  in  this  field  the  results  of  which  are  presented  in  his  paper.] 

The  purpose  of  this  paper  is  to  discuss  some  of  the  difficul- 
ties which  have  arisen  in  endeavoring"  to  understand  the  funda- 
mental phenomena  of  voltaic  cells,  and  to  discuss  the  solutions 
of  those  difficulties  which  have  aided  in  securing  a  firmer  grasp 
of  that  group  of  phenomena. 

It  will  first  be  considered  what  transformations  of  energy  are 
characteristic  of  those  objects  to  which  the  name  voltaic  or 
galvanic  cell  has  been  given.  Ostwald  says,  "  We  will  give  the 
name  cell  to  any  arrangement  by  means  of  which  electrical  energy 
can  be  obtained  from  chemical  energy."  ^  Le  Blanc  gives  a 
more  comprehensive  definition  by  calling  "  any  arrangement " 

[Note. — The  Franklin  Institute  is  not  resjxjnsible  for  the  statements  and  opinions  advanced 
by  contribntors  to  the  Journal.] 
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a  galvanic  cell  "  which  through  chemical  reaction  or  physical 
processes,  such  as  diffusion,  etc.,  is  capable  of  producing  elec- 
trical energy;  whether  the  reaction  takes  place  between  a  solid 
and  a  liquid,  or  two  liquids,  is  of  no  account."  ^ 

The  statement  of  Ostwald  can  be  found  in  many  places,  but 
the  customary  application  of  the  name  is  unquestionably  wider 
than  this  statement  will  allow.  That  of  Le  Blanc  is  more 
inclusive,  but  how  much  more  is  rather  uncertain. 

It  seems  advisable  and  convenient  to  include  amongst  vol- 
taic cells  series  of  conductors  by  which  electrical  energy  can  be 
generated  from  one  or  more  of  these  transformations  of  energy : 


Fig. 


"m^ 


^lU 


"1 


(i)  of  chemical  energy;  (2)  of  energy  of  solution;  (3)  of 
heat  energy  when  the  series  is  at  uniform  temperature;  (4)  of 
energy  arising  from  changes  in  the  volume  of  the  conductors; 
(5)  of  kinetic  and  potential  energy. 

Des  Coudres  ^  has  made  a  study  of  cells  in  which  kinetic 
and  potential  energy  are  transformed  into  electrical.  The 
simplest  of  these  is  shown  in  Fig.  i.  The  tube  with  the  funnel 
contains  mercury  which  cannot  flow  from  the  tube  because  of 
a  fine  capillary  at  the  lower  end.  The  larger  vessel  contains  a 
solution  of  a  mercury  salt.  The  smaller  vessel  contains  mercury. 
The  current  flows  in  the  cell  from  the  column  to  the  smaller 
vessel.  This  is  accompanied  by  a  decrease  in  potential  energy 
since  the  height  of  the  column  decreases.     The  E.M.F.  of  such 
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a  cell  is  only  .0000153  volts  for  a  column  of  mercury  760  mm. 
high  at  20°  C. 

It  is  with  hesitation  that  photo-electric  generators  have  been 
excluded  from  a  place  amongst  voltaic  cells.  These  generators 
have  electrodes  of  the  same  substance  in  a  solution ;  as  copper 
oxide  in  a  solution  of  potassium  or  sodium  hydroxide.  They 
generate  electrical  energy  by  the  transformation  of  light  energy 
which  is  allowed  to  fall  on  one  of  the  electrodes.  Thermo- 
electric generators  in  which  heat  energy  is  transformed  into 
electric  energy  only  when  differences  of  temperature  exist  at  dif- 
ferent parts  of  a  series  of  conductors  are  excluded  from  amongst 
voltaic  cells  even  when  one  of  the  conductors  is  an  electrolyte. 

The  most  important  attribute  of  a  cell  is  that  to  which  the 
name  E.M.F.  is  given,  but  this  name  is  not  limited  in  its  use  to 
cells  alone;  we  often  speak  of  E.M.F.'s  other  than  those  of  cells. 
It  is  therefore  customary  to  give  a  general  definition  of  E.M.F., 
and  afterwards  a  specific  definition  of  the  E.M.F.  of  a  cell.  Since 
this  is  one  of  the  commonest  names  in  physics,  agreement  ought 
to  exist  in  stating  what  is  intended  by  it;  but  an  examination 
of  some  of  the  best  authorities  reveals  considerable  difference 
of  practice  in  this  respect. 

I  shall  endeavor  to  show  that  in  the  class  of  magnitudes 
known  as  differences  of  potential  there  exists  a  smaller  class  of 
magnitudes  which  possess  certain  characteristics  not  possessed 
by  the  other  members  of  the  class  in  which  they  are  found.  To 
the  members  of  the  smaller  class  convenience  and  precision  join 
in  dictating  a  more  exclusive  application  of  the  name  E.M.F. 
E.M.F.'s  are  therefore  differences  of  potential  of  a  certain 
variety;  every  E.M.F.  is  a  difference  of  potential,  but  not  every 
difference  of  potential  is  an  E.M.F.  If  this  task  were  attempted 
from  the  statements  of  physicists  concerning  the  use  of  the  name 
the  endeavor  would  appear  rather  difficult,  for  in  their  divergent 
views,  of  which  at  least  three  exist,  there  is  nothing  to  suggest  a 
consistency  running  through  the  use  of  this  name,  a  usage  which 
it  would  seem  well  to  point  out  and  advisable  to  follow. 

One  view  is  that  E.M.F.'s  are  not  differences  of  potential,  but 
causes  of  differences  of  potential.*  It  is  said  that  "  there  must 
be  cause  (i.e.,  a  force  present)  which  drives  a  certain  quantity 
of  positive  electricity  from  one  metal  to  another  across  their 
surface  of  contact,  and  permanently  maintains  one  at  a  higher 
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potential  than  the  other.  This  force  is  named  E.M.F."  ^  But 
some  of  those  who  give  this  definition  quahfy  it  by  saying  that 
E.M.F.  and  difference  of  potential  are  often  used  interchangeably. 
The  authority  just  quoted  in  distinguishing  between  them  says: 
*'  Potential  difference  and  E.AI.F.  are  very  frequently  used  as 
identical  conceptions.  Strictly,  they  are  not  so,  although  both 
of  these  magnitudes  are  expressed  by  the  same  numbers  in  the 
same  system  of  units.  We  define  potential  difference  as  that 
difference  in  the  electrical  state  of  conductors  in  consequence  of 
which  a  quantity  of  electricity  is  driven  from  one  to  the  other. 
Potential  difference  is  the  cause  of  that  flow  of  elec- 
tricity which  tends  to  produce  equilibrium  of  electricity  and  the 
same  potential  throughout  conductors  which  are  joined.  As 
the  E.M.F.,  on  the  contrary,  we  designate  that  force  which  dis- 
turbs the  equilibrium  and  drives  electricity  from  lower  to  higher 
potential.  The  magnitude  of  this  force  we  measure  by  means 
of  the  potential  difference  it  produces."  ^  It  seems  exceedingly 
confusing  to  measure  a  force  by  a  difiference  of  potential  which 
is  not  a  force.  Moreover,  if  the  difference  of  potential  is  the 
thing  to  which  the  name  E.M.F.  is  nearly  always  applied  it  is  very 
misleading  to  present  another  use  which  is  exceptional. 

One  authority  turns  this  view  around  and  states  that  differ- 
ence of  potential  is  the  cause  of  E.M.F.  "  Just  as  in  water-pipes 
a  difiference  of  level  produces  a  pressure,  and  the  pressure  pro- 
duces a  flow  as  soon  as  the  tap  is  turned  on,  so  difference  of 
potential  produces  E.M.F.  and  E.M.F.  sets  up  a  current  as  soon 
as  a  circuit  is  completed  for  electricity  to  flow  through.  E.M.F. 
may  therefore  be  conveniently  expressed  as  difference  of  poten- 
tial and  vice  versa,  but  the  student  must  not  forget  the  dis- 
tinction." '' 

The  third  view  is  that  E.M.F.  and  difference  of  potential  are 
one  and  the  same.  Maxwell  says :  "  When  two  conductors  at 
different  potentials  are  connected  by  a  thin  conducting  wire  the 
tendency  of  electricity  to  flow  along  the  wire  is  measured  by  the 
difference  of  potential  of  the  two  bodies.  The  difference  of 
potential  is  therefore  called  the  E.M.F.  between  them.  E.M.F. 
cannot  in  all  cases  be  expressed  in  the  form  of  a  difference  of 
potential.  These  cases  are,  however,  not  treated  of  in  electro- 
statics. We  shall  consider  them  when  we  come  to  heterogeneous 
circuits,  chemical  actions,  motions  of  magnets,   inequalities  of 
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temperature,  etc."  ^  Maxwell  is  therefore  only  a  partial  adher- 
ent of  this  view,  but  he  does  not  give  any  characterization  of 
those  E.M.F.'s  which  cannot  be  expressed  as  differences  of  poten- 
tial. J.  J.  Thomson  says  in  defining  difference  of  potential  that 
"  the  electric  potential  at  a  point  P  exceeds  that  at  a  point  Q  by  the 
work  done  hy  the  electric  Held  on  a  body  charged  with  unit  of 
electricity  when  the  latter  passes  from  F  to  Q;  "  '^  and  in  defining 
E.M.F.  from  a  point  A  to  di  point  B  that  it  is  the  work  done  by 
electric  forces  on  a  unit  charge  of  electricity  in  going  from  the 
point  A  to  the  point  B}^  These  definitions  agree  so  closely 
that  it  seems  fair  to  take  it  that  J.  J.  Thomson  would  use  dififer- 
ence  of  potential  and  E.M.F.  as  equivalent  terms. 

Turning  to  the  definition  of  the  E.M.F.  of  a  cell  we  find  that 
one  of  the  authorities  who  adopts  the  first  view^^  says  that  the 
E.M.F.  of  a  cell  is  the  sum  of  the  E.M.F.'s  at  the  surfaces  of 
contact  of  the  conductors  which  constitute  the  cell.  This  is  an 
error  in  that  it  locates  all  the  components  of  the  E.M.F.  of  all 
cells  at  these  surfaces  of  contact.  Maxwell  ^^  says  that  the 
E.M.F.  of  a  cell  is  the  difference  of  potential  between  two  con- 
ductors of  the  same  substance  attached  to  the  terminals  of  the 
cell.  J.  J.  Thomson  ^^  gives  a  proof  of  this  proposition  which 
Maxwell  seems  to  consider  as  a  definition  of  the  E.M.F.  of  a 
cell.  But  he  first  deduces  from  the  law  of  the  conservation  of 
energy  an  equation  between  the  chemical  energy  which  disap- 
pears in  a  cell  and  the  heat  energy  which  appears  in  the  circuit  in 
the  same  time  /.  The  first  is  CWt  in  which  C  is  the  current,  and 
W  is  the  mechanical  equivalent  of  the  chemical  energy  which 
disappears  per  unit  of  electricity.  The  second  is  C^Rt  +  C^ft  -\- 
PCt  in  which  R  is  the  external,  r  the  internal  resistance,  and  P 
is  the  heat  in  joules  which  appears  or  disappears  at  the  junctions 
of  the  dissimilar  conductors  per  unit  of  electricity.  These  are 
equal  if  all  the  chemical  energy  which  disappears  reappears  as 
heat  and  we  have  CVVt  =  C'Rt  +  C-rt  -f  PCt.  This  is  reduced 
to  W — P  =  C(i?  +  r)  and  the  quantity  on  the  left-hand  side 
of  this  equation  is  defined  as  the  E.]\T.F.  of  the  cell.  It  is  left  to 
the  reader  to  find  the  relation  between  this  definition  and  the 
general  definition  already  given. 

In  proceeding  from  the  view  that  E.M.F.'s  and  differences  of 
potential  are  the  same,  to  the  view  concerning  their  relation 
which  will  be  presented  in  this  paper,  two  other  considerations 
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are  intimately  involved :  physicists  have  not  distinctly  set  forth 
criteria  by  which  we  can  recognize  work  done  when  a  current 
flows  from  one  part  of  a  circuit  to  another;  nor  do  they  plainly 
distinguish  between  "  work  done  by  a  current  "  and  "  work  done 
upon  a  current."  Nevertheless  both  of  these  questions  are  of 
fundamental  importance  in  forming  clear  and  adequate  concep- 
tions of  the  processes  occurring  during  the  flow  of  electricity. 

We  will  first  consider  one  of  the  most  important  of  those 
processes  of  which  it  is  said  when  they  occur  that  work  has 
been  done  during  the  flow  of  a  current.  Such  a  process  occurs 
when  a  current  flows  from  one  part  A  to  another  part  5  of  a 
homogeneous  conductor  at  constant  temperature  and  consists  in 
a  generation  of  heat  which  is  non-reversible  in  that  there  is  no 
corresponding  destruction  of  heat  when  the  current  is  reversed. 
Only  when  the  resistance  of  the  conductor  is  constant  for  all 
currents  are  these  quantities  of  heat  proportional  to  the  squares 
of  the  currents.  In  such  a  case  it  is  said  that  work  is  done  by  the 
current  in  flowing  from  A  to  B  \n  overcoming  the  resistance  of 
the  conductor.  This  work  is  measured  by  the  heat  generated. 
Further  it  is  said  that  a  fall  of  potential  exists  in  the  conductor 
from  A  to  B  which  is  measured  by  the  work  done  per  unit  of  elec- 
tricity. Changes  of  potential  in  conductors  of  this  kind  differ 
from  changes  of  potential  in  conductors  of  other  kinds  in  that  all 
of  this  kind  involve  a  consumption  of  electrical  energ}'.  None  of 
them  involve  a  generation  of  electrical  energy.  Nor  can  we  in 
any  way  arrange  conditions  so  as  to  cause  them  to  involve  a 
generation  of  electricity  energy.  It  would  seem  that  few  physi- 
cists would  maintain  that  these  changes  of  potential  which 
always  involve  a  consumption  of  electrical  energ}'-  are  E.M.F.'s. 
For  the  sake  of  convenience  we  may  refer  to  them  as  changes 
of  potential  caused  by  resistance. 

From  this  simple  process  which  occurs  in  a  homogeneous 
conductor  we  may  proceed  to  the  processes  which  occur  between 
a  part  of  one  terminal  conductor  and  a  part  of  the  other  ter- 
minal conductor  of  a  type  of  cell  that  can  be  very  easily  con- 
ceived and  to  which  a  Daniell  cell  approximates,  but  which  as 
far  as  is  known  does  not  exist.  These  are  what  may  be  called 
shnple  chemical  cells.  In  them  the  only  energy  transformations 
which  occur  when  they  produce  a  current  are  transformations 
of  chemical  energy,  and  the  generation  of  heat  caused  by  the 
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resistance  of  their  conductors.  Such  a  cell  can  have  three  or 
more  conductors,  but  we  will  consider  one  like  the  Daniell  which 
consists  of  five  homogeneous  conductors.  In  the  Daniell  these 
are  copper,  zinc,  an  aqueous  solution  of  zinc  sulphate,  an  aqueous 
solution  of  copper  sulphate,  copper.  At  three  of  the  junctions 
of  such  a  cell  chemical  changes  can  occur.  A  chemical  cell  of 
this  genus  can  belong  to  one  of  many  species,  but  we  will  only 
consider  several  of  them. 

First  we  will  consider  a  cell  in  which  when  it  generates  a 
current  chemical  energy  disappears  at  all  of  the  three  junc- 
tions. In  this  case  it  would  be  said  that  zvork  is  done  upon  the 
current  at  each  of  the  junctions  which  is  measured  by  the  chem- 
ical energy  which  disappears,  and  that  a  rise  of  potential  exists 
at  each  of  them  which  is  measured  by  the  work  done  per  unit  of 
electricity.*     Besides  these  rises  of  potential,  a  fall  of  potential 

Fig.   2. 
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caused  by  resistance  exists  in  each  of  the  conductors  of  the  cell. 
Each  of  the  former  involves  a  generation  of  electrical  energy 
and  in  this  respect  differs  from  the  latter  which  involves  a  con- 
sumption of  electrical  energy.  Each  of  these  rises  of  poten- 
tial is  called  an  E.M.F.  and  their  sum  is  called  the  E.M.F.  of  the 
cell.  The  E.M.F.  of  this  cell  consists  of  three  components.  Fig. 
2  is  a  diagram  which  represents  the  changes  of  potential  in  this 
cell  assuming  that  the  falls  of  potential  caused  by  resistance  are 
straight  line  falls. 

A  cell  of  another  species  is  one  in  which  chemical  energy 
disappears  at  two  of  the  junctions,  say  the  second  and  fourth, 
and  appears  at  the  third.  Here  work  is  done  upon  the  current 
at  junction  two  and  four,  and  work  is  done  by  the  current  at 
junction  three,  and  a  rise  of  potential  exists  at  each  of  the  former, 

*When  it  is  said  that  a  rise  of  potential  exists  at  a  junction  it  is  to  be 
understood  that  the  current  arrives  there  at  a  lower  potential  and  leaves  at 
a  higher. 
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and  a  fall  of  potential  at  the  latter.  This  fall  of  potential  in- 
volves a  consumption  of  electrical  energy  just  as  do  the  falls  of 
potential  caused  by  resistance.  But  it  is  far  more  closely  related 
to  the  rises  of  potential  which  generate  electrical  energy  by  the 
consumption  of  chemical  energy  both  as  regards  the  processes 
involved  and  the  laws  governing  those  processes.  In  view  of 
this  relationship  and  for  the  sake  of  convenience,  this  fall  of 
potential  and  others  like  it  are  called  E.M.F.'s  as  well  as  those 
rises  of  potential  to  which  they  are  related.  And  the  E.M.F.  of 
the  cell  is  the  sum  of  the  rises  of  potential  minus  the  related 'fall 
of  potential.  Fig.  3  is  a  diagram  which  represents  the  changes 
of  potential  in  this  cell. 

These  conventions  laid  down  regarding  the  two  simple  chem- 
ical cells  will  apply  to  all  of  them,  but  some  difficulties  arise  when 
what  may  be  called  complex  chetnical  cells  are  considered.  One 
genus  of  these  comprises  cells  in  which  two  chemical  processes 

Fig.  3. 
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occur  at  the  same  junction;  one  of  which  involves  a  disappear- 
ance, the  other  an  appearance  of  chemical  energy.  Two  modes 
of  interpretation  are  possible;  either  that  each  change  of  energy 
contributes  its  own  change  of  potential,  or  that  all  or  part  of 
the  energy  of  one  process  is  converted  directly  into  the  energy 
of  the  other.  It  is  unnecessary  to  discuss  these  two  modes  of 
interpretation  here.  Another  genus  of  complex  chemical  cells 
comprises  cells  in  which,  besides  the  generation  of  heat  caused 
by  resistance,  there  are  not  only  changes  of  chemical  energy, 
but  also  changes  in  other  kinds  of  energy  which,  however, 
exactly  counterbalance. 

Therefore  in  every  chemical  cell  producing  a  current  there 
occurs  besides  the  generation  of  heat  caused  by  resistance,  a 
decrease  in  chemical  energy;  if  any  other  changes  of  energy 
occur,  they  counterbalance.  And  the  disappearance  of  this 
chemical  energy  with  the  flow  is  our  fundamental  ground  for  say- 
ing that  work  has  been  done  upon  the  current,  and  that  an  E.M.F. 
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exists  in  the  cell.  Further,  the  work  is  measured  by  the  energy 
which  disappears.  And  the  E.M.F.  of  these  cells  when  produc- 
ing- a  current  is  the  sum  of  all  the  portions  of  chemical  work 
done  upon  the  current  minus  the  sum  of  all  the  portions  of  chemi- 
cal work  done  by  the  current  per  unit  of  electricity. 

The  question  may  well  be  raised  whether  these  conventions 
regarding  work  done  during  the  flow  of  a  current  are  purely 
arbitrary.  Is  the  law  of  the  conservation  of  energy  involved? 
Unquestionably  the  formulation  of  that  doctrine  was  the  chief 
cause  in  the  development  of  greater  clearness  in  the  conception  of 
the  significance  of  the  term  E.M.F.,  and  it  is  very  likely  if  that 
law  did  not  hold,  if  a  portion  of  the  chemical  energy  which  dis- 
appears in  a  cell  did  not  appear  elsewhere,  in  any  form  what- 
ever, that  it  would  be  said  that  the  work  done  upon  the  current 
is  measured  by  that  fraction  only  of  the  energy  which  does 
reappear  elsewhere.  Another  convention  which  has  been  pro- 
posed in  regard  to  some  of  the  energy  changes  which  occur  in 
a  current  bearing  circuit  is  that  a  rise  of  potential  does  not  exist 
in  some  cases  at  a  region  of  the  circuit  where  a  portion  of  energy 
disappears,  but  that  the  electricity  unites  with  this  energy  and 
carries  it  to  another  region  of  the  circuit,  disuniting  with  it 
there  without  a  fall  of  potential.^'*  Unless  such  changes  in 
terminology  can  be  shown  to  correspond  to  radical  differences 
in  phenomena  and  are  appropriately  applied  to  them  they  cannot 
be  looked  upon  as  aiding  in  the  advance  of  science. 

We  are  now  ready  to  consider  that  important  law  which 
in  different  forms  is  known  as  Thomson's  law.  It  was  first 
definitely  formulated  and  a  mode  of  deduction  given  by  Kelvin 
in  185 1  following  the  prior  consideration  of  it  by  Joule  and 
Helmholtz.  As  stated  by  Kelvin  it  is  that  "  the  intensity  of  an 
electrochemical  apparatus  is,  in  absolute  measure,  equal  to  the 
mechanical  equivalent  of  as  much  chemical  action  as  goes  on 
with  a  current  of  unit  strength  during  unit  time."  ^^  This 
proposition  is  erroneous,  but  the  propositions  which  have  been 
put  in  its  place  are  not  very  much  better.  Nernst  says :  "  It 
would  follow  from  the  law  of  the  conservation  of  energy,  if  a 
galvanic  cell  neither  rose  nor  fell  in  temperature  when  yielding 
a  current,  that  is,  if  it  neither  gave  heat  to  its  surroundings  nor 
withdrew  heat  from  them  "^^^  that  its  E.M.F.  is  equal  to  the 
decrease  in  chemical  energy  per  unit  of  electricity.     What  he 
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intends  is  that  if  in  a  galvanic  cell  the  heat  generated  by  resist- 
ance be  excluded  from  consideration,  and  if  the  sum  of  the 
other  portions  of  heat  generated  is  equal  to  the  sum  of  the 
portions  of  heat  destroyed,  then  the  remainder  of  the  proposition 
is  true.  But  even  this  statement  is  erroneous  unless  w^e  exclude 
from  amongst  galvanic  cells  all  those  cells  which  involve  the 
generation  of  electrical  energy  by  transformation  of  any  other 
forms  of  energy  besides  heat  and  chemical  energy.  Nernst  does 
not  speak  of  this  restriction,  and  in  the  absence  of  any  good 
reasons  we  may  conclude  that  the  restriction  is  unnecessary. 
Another  statement  is  that  if  in  a  cell  all  the  chemical  energy  is 
transformed  into  electrical,^ '^  then  Thomson's  law  holds.  But 
this  too  is  erroneous  since  all  the  chemical  energy  and  some 
other  form  besides  could  be  transformed  into  electrical  energy. 

The  correct  form  of  this  theorem  is, — if  in  a  voltaic  cell,  the 
only  transformations  of  energy  caused  by  a  current,  besides  the 
generation  of  heat  in  overcoming  resistance,  are  transformations 
of  chemical  energy,  or  if  there  are  other  transformations  they 
counterbalance;  then  the  E.M.F.  of  the  cell  during  the  flow  is 
the  net  change  of  chemical  energy  per  unit  of  electricity  zvhich 
Hows  through  the  cell.  No  complicated  deduction  of  this  theorem 
is  necessary,  it  follows  immediately  from  the  conventions  regard- 
ing the  E.M.F.  of  a  cell  which  have  already  been  laid  down. 

So  far  we  have  only  considered  criteria  for  the  existence  of 
changes  of  potential  and  the  modes  of  measuring  them  in  a  cell 
which  is  bearing  a  current.  Not  one  word  has  been  said  regard- 
ing a  cell  which  is  not  bearing  a  current.  Those  phenomena 
caused  by  a  current,  those  disappearances  and  appearances  of 
certain  forms  of  energy  which  are  the  only  grounds  so  far  given 
for  asserting  the  existence  of  changes  of  potential,  and  are  the 
direct  means  of  measuring  them :  all  those  phenomena  cease 
when  the  current  ceases.  Nevertheless  we  agree  to  say  that  a 
change  of  potential  exists  from  one  terminal  of  a  cell  to  the 
other  even  when  no  current  flows  through  it,  and  we  agree  upon 
a  mode  of  measuring  it  based  upon  phenomena  which  occur 
when  a  current  does  flow  through  it.  Suppose  that  a  steady 
current  is  flowing  through  a  homogeneous  conductor  MN  of  the 
same  substance  as  the  terminal  conductors  of  a  cell  C,  and  suppose 
that  the  positive  terminal  of  the  cell  is  joined  to  a  part  P  of 
the  conductor  MN  while  the  negative  terminal  is  joined  to  a 
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part  Q  of  the  conductor  which  is  at  a  lower  potential  than  P. 
The  fall  of  potential  in  MN  can  always  be  made  so  great  that, 
depending  on  the  positions  of  P  and  Q,  a  current  flows  through 
the  cell  in  the  ordinary  direction,  or  no  current  flows,  or  current 
flows  through  the  cell  in  a  direction  opposite  to  the  ordinary. 
Suppose  the  first  of  these  cases  exists.  We  can  by  altering  the 
positions  of  P  and  Q  cause  the  current  in  the  cell  to  diminish. 
From  the  law  of  the  consen^ation  of  energy  and  Ohm's  law  it 
can  be  deduced  that  in  such  a  case  each  fall  of  potential  from 
F  to  0  in  the  conductor  MN  is  more  nearly  equal  to  the  E.M.F. 
of  the  cell  than  any  which  precede  and  that  they  can  be  made  as 
nearly  equal  to  the  E.M.F.  as  we  please  by  making  the  current 
small  enough.  Therefore,  when  there  is  no  current  in  the  cell 
we  say  that  a  rise  of  potential  which  is  an  E.M.F.  exists  in  the 
cell  from  the  negative  to  the  positive  terminal  as  when  there  is 
a  current ;  and  we  can  say  that  this  E.M.F.  is  equal  to  the  fall  of 
potential  from  the  part  P  to  the  part  Q  of  the  conductor  MN  to 
which  the  terminals  of  the  cell  are  joined  when  no  current  flows 
through  the  cell. 

We  will  now  briefly  recapitulate  the  views  which  have  been 
presented  concerning  work  done  during  the  flow  of  a  current 
and  changes  of  potential  in  conductors. 

First:  Excepting  those  processes  which  are  not  caused  by 
the  current,  such  as  local  action  in  a  cell;  and  those  processes 
in  which  a  portion  of  energy  disappears  at  a  part  of  a  circuit 
and  an  equal  portion  of  energy  appears  at  the  same  part  of  the 
circuit; — excepting  these  cases,  whenever  energy  not  electrical 
appears  or  disappears  at  a  part  of  a  circuit,  we  say  that 
work  has  been  done  by  the  current  or  work  has  been  done  upon 
the  current.  This  performance  of  work  is  our  fundamental 
ground  for  asserting  a  change  of  potential  at  that  part  of  the 
circuit  at  which  it  occurs.  Further,  the  work  performed  is 
measured  by  the  energy  which  appears  or  disappears,  and  the 
change  of  potential  by  the  work  done  per  unit  of  electricity. 

Second:  There  are  changes  of  potential  caused  by  currents 
flowing  against  resistance.  All  of  these  involve  a  consumption 
of  electrical  energy  and  we  cannot  in  any  way  arrange  condi- 
tions so  as  to  cause  them  to  involve  a  generation  of  electrical 
energy.     These  are  not  E.M.F.'s. 

Third:     There  are  changes  of  potential  when  a  current  is 
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flowing,  not  caused  by  resistance,  but  arising  from  other  causes. 
These  involve  either  a  generation  or  a  consumption  of  electrical 
energ}^  Those  which  involve  a  generation  of  electrical  energy 
are  E.M.F.'s.  Those  which  involve  a  consumption  of  electrical 
energy,  although  in  this  respect  resembling  changes  of  potential 
caused  by  resistance,  are  not  classed  with  them,  but  are  called 
E.M.F.'s  too,  because  of  their  relationship  to  changes  of  potential 
which  involve  the  generation  of  electrical  energy,  both  in  regard 
to  the  processes  involved  and  in  regard  to  the  laws  governing 
those  processes. 

Finally:  There  are  changes  of  potential  when  no  current 
flows.  These  are  not  caused  by  resistance,  and  are  called  E.M.F.'s 
too,  because  of  their  relationship  to  the  preceding  changes  of 
potential. 

Before  applying  the  general  principles  which  have  been  laid 
down  to  particular  cases  it  will  be  advantageous  to  consider 
another  type  of  voltaic  cell  besides  the  chemical  cell.  These 
are  what  may  be  called  heat  cells.  In  them  the  only  transforma- 
tions of  energy  which  occur  when  they  generate  a  current, 
besides  the  generation  of  heat  caused  by  resistance,  are  trans- 
formations of  heat  energy,  or  if  there  are  other  transformations 
of  energy  they  counterbalance.  If  in  one  of  these  cells  the  heat 
caused  by  resistance  is  neglected,  and  if  the  cell  is  isolated  from 
all  outside  sources  of  energy,  it  will  suffer  a  decrease  in  heat 
energy.  If  portions  of  heat  equal  to  the  portions  which  disap- 
pear are  transmitted  to  the  cell  it  undergoes  a  process  similar 
to  the  isothermal  expansion  of  a  gas.  The  E.M.F.  of  such  a  cell 
when  producing  a  current  is  the  net  decrease  of  heat  energy  per 
unit  of  electricity  neglecting  the  heat  caused  by  resistance. 

To  this  class  approximate  some  of  the  members  of  that  class 
of  cells  known  as  concentration  cells.  One  of  these  consists 
of  a  weak  amalgam  of  zinc,  a  dilute  aqueous  solution  of  zinc 
sulphate,  a  weaker  amalgam  of  zinc.  The  current  flows  from 
the  stronger  to  the  weaker  amalgam  in  the  cell,  the  concentra- 
tions of  the  amalgams  become  more  nearly  equal,  the  concen- 
tration of  the  solution  increases  at  the  anode  and  decreases  at  the 
kathode.  Another  concentration  cell  consists  of  silver,  a  weak 
aqueous  solution  of  silver  nitrate,  a  stronger  aqueous  solution  of 
silver  nitrate,  silver.  The  current  flows  from  the  weaker  to 
the   stronger  solution;   the   silver  decreases   at   the   anode  and 
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increases  at  the  kathode;  the  concentration  of  the  weaker  solu- 
tion increases  at  the  anode  and  that  of  the  stronger  solution 
decreases  at  the  kathode.  That  these  cells  shall  be  heat  cells  it 
is  necessary  for  these  changes  in  concentration  to  occur  without 
any  changes  in  chemical  energy  or  energy  of  solution.  These 
cells  have  E.M.F.'s  of  only  about  .05  volts,  but  they  are  of  much 
importance  in  the  theories  of  Nernst  regarding  cells. 

We  will  now  turn  to  the  processes  which  occur  in  a  Daniell 
cell  consisting  of  the  conductors :  copper,  zinc,  an  aqueous  solu- 
tion of  zinc  sulphate,  an  aqueous  solution  of  copper  sulphate, 
copper — when  the  cell  is  producing  a  current.  From  a  part  of 
the  negative  terminal  to  its  junction  with  the  zinc  there  is  a  fall  of 
potential  caused  by  resistance.  It  is  likewise  with  the  other 
conductors,  so  that  no  further  enumeration  of  these  falls  of 
potential  need  be  made.  At  the  surface  of  contact  of  the  copper 
and  the  zinc  two  processes  may  occur :  first,  there  may  be  caused 
a  very  slow  union  of  the  two  metals  with  a  corresponding 
decrease  of  chemical  energy;  and  second,  heat  may  appear  or 
disappear.  If  the  first  of  these  processes  occurs,  it  is  so  slight 
as  to  be  negligible.  The  second  is  almost  so.  According  to 
the  experiments  of  Jahn  ^^  .585  calories  disappear  per  ampere 
per  hour  at  the  surface  of  contact  of  the  copper  and  the  zinc. 
Respecting  the  change  of  potential  which  occurs  at  this  junction 
two  views  have  been  put  forward  which  have  led  to  much  con- 
troversy. It  is  the  opinion  of  Chwolson,  the  author  of  one  of 
the  most  recent  text-books  on  physics  which  is  gaining  well 
deserved  recognition,  that  this  controversy  has  not  yet  estab- 
lished either  of  these  two  views.  One  group  of  authorities 
amongst  whom  are  Maxwell,  Lodge,  Ostwald  and  Nernst,  while 
not  always  expHcity  stating  it,  start  from  the  convention  which 
has  already  been  laid  down  as  the  fundamental  ground  for 
asserting  the  existence  and  as  the  only  means  of  direct  measure- 
ment of  a  change  of  potential  at  any  part  of  a  circuit  conveying 
a  current.  This  convention  for  this  particular  case  is  that,  if 
during  the  flow  of  a  current  energy  disappears  at  such  a  junc- 
tion, work  has  been  done  upon  the  current,  which  is  measured  by 
the  energy  which  disappears,  and  a  rise  of  potential  exists  there 
which  is  measured  by  the  work  done  per  unit  of  electricity.  From 
this  convention  and  the  experiments  of  Jahn,  it  follows  that  a 
rise  of  potential  of  only  .00068  volts  exists  at  the  junction  of 
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the  copper  and  zinc.  Another  group  of  authorities  including 
Kelvin  attribute  to  this  junction  a  rise  of  potential  varying  from 
^  to  I  volt.  Kelvin  ^^  takes  his  stand  largely  upon  experiments 
of  Erskine-Murray  2°  with  discs  of  copper  and  zinc.  One  of 
these  was  attached  to  an  insulating  support,  the  other  was  unin- 
sulated. They  were  placed  facing  each  other  about  i  mm.  apart 
in  dry  air  and  joined  to  an  electrometer.     If  they  were  also 

Fig.  4. 
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connected  by  wires  of  copper  to  a  copper  conductor,  it  was 
found  that  a  fall  of  potential  of  about  0.65  volts  must  be  pro- 
duced between  the  points  of  the  copper  conductor  to  which  the 
wires  were  attached  by  sending  a  current  through  the  conductor, 
in  order  to  obtain  no  difference  of  potential  between  the  discs  as 
determined  by  no  deflection  of  the  electrometer  when  the  discs 
are  separated.  The  changes  of  potential  which  Kelvin  regarded 
as  indicated  by  this  experiment  are  shown  in  Fig.  4,  in  which 

Fig.   5. 


the  plates  have  been  separated  for  convenience  in  representation. 
Lodge  has  opposed  Kelvin's  interpretation  and  gives  instead  Fig.  5. 
The  advocates  of  the  second  view  oppose  the  convention 
adopted  by  the  advocates  of  the  first  view  by  maintaining  that  a 
theorem  is  deducible  from  the  second  law  of  thermodynamics 
which  asserts  that  if  77  is  the  heat  in  joules  generated  per  unit 
of  electricity  at  the  junction  of  two  metals,  e  the  rise  of  potential 
there,  and  T  its  absolute  temperature;  we  have  n=T'^.  Then 
only  when  e  is  proportional  to  the  absolute  temperatures  does 
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e  =  77.  These  two  views  cannot  be  further  discussed  except  to 
say  that  Lodge  ^^  has  raised  grave  doubts  concerning  the  vahdity 
of  this  theorem.  A  deduction  of  it  can  be  found  in  the  recent 
work  of  Chwolson.22  Of  course  it  is  plain  that  the  second  view 
is  contradictory  to  views  of  changes  of  potential  in  conductors 
presented  in  this  paper.  Turning  to  surface  of  contact  of  the 
zinc  and  zinc  sulphate  solution  there  is  a  gram  equivalent  of  zinc 
transformed  from  the  solid  state  to  the  state  of  zinc  in  an 
aqueous  solution  of  zinc  sulphate  per  96540  coulombs  accom- 
panied by  an  increase  in  the  concentration  of  the  solution.  At 
the  surface  of  contact  of  the  two  solutions  a  part  of  a  gram 
equivalent  of  zinc  sulphate  in  aqueous  solution  replaces  an  equal 
part  of  copper  sulphate  in  aqueous  solution  which  may  or  may 
not  be  accompanied  by  changes  in  concentration.  At  the  junc- 
tion of  the  copper  sulphate  solution  and  the  copper  a  gram 
equivalent  of  copper  is  transformed  from  the  state  of  copper  in 
an  aqueous  solution  of  copper  sulphate  to  the  solid  state  accom- 
panied by  a  decrease  in  the  concentration  of  the  solution.  Finally 
heat  may  appear  or  disappear  at  each  of  these  junctions.  No 
method  has  as  yet  been  found  for  determining  the  values  of 
the  changes  of  chemical  energy  and  solution  energy  at  these 
junctions.  The  values  of  the  portions  of  heat  energy  which 
appear  and  disappear  at  these  junctions  are  still  uncertain,  nor 
has  the  total  heat  in  the  cell  apart  from  resistance  been  directly 
measured.  Therefore  no  direct  determination  of  these  com- 
ponent changes  of  potential  can  be  made.  But  an  approximate 
value  of  the  resultant  rise  of  potential  from  the  zinc  to  the 
copper  can  be  obtained  from  the  resultant  decrease  of  chemical 
energy  which  occurs  by  neglecting  all  other  transformations  of 
energy.  For  every  96540  coulombs  which  pass  through  the  cell 
there  is  a  net  decrease  of  chemical  energy  of  25,050  calories  or 
105,000  joules,  so  that  the  E.M.F.  of  a  Daniell  cell  is  about 
1.09  volts. 

The  most  accurate  measurement  of  the  E.M.F.  of  a  cell  is, 
when  no  current  is  flowing,  by  the  convention  already  laid  down ; 
or,  when  a  current  is  flowing,  by  finding  the  product  of  the 
current  and  the  resistance  in  the  circuit  outside  the  cell.  This 
second  method  is  worth  considering.  It  rests  upon  the  doctrine 
of  the  conservation  of  energy  and  Ohm's  law  in  its  fundamental 
form.      As   often   stated   Ohm's   law   asserts   either   directly   or 
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indirectly  that  the  current  in  a  conductor  or  in  a  circuit  is  equal 
to  the  E.M.F.  between  the  ends  of  the  conductor  or  in  the  circuit 
divided  by  the  resistance  of  the  conductor  or  the  circuit.  Some- 
times it  is  required  that  the  current  must  be  steady,  but  this  is 
often  omitted.  It  is  frequently  maintained  that  the  important 
point  ^^  of  the  law  is  that  the  ratio  of  the  E.M.F.  to 
the  current  is  constant  for  all  currents  with  the  same 
conductor  at  the  same  temperature.  But  the  form  which  has 
been  given  contains  not  the  slightest  intimation  of  this  impor- 
tant point;  and  indeed  as  far  as  that  form  goes  the  ratio  of  the 
E.M.F.  to  the  current  could  vary  and  the  law  still  be  true.  If 
this  ratio  did  vary  the  resistance  would  vary  with  the  current. 
It  is  greatly  to  be  deplored  that  these  differences  exist  in  the 
conceptions  of  the  import  of  this  fundamental  law  of  electricity 
even  if  the  computations  made  by  it  lead  to  no  errors.  All  forms 
of  Ohm's  law  either  rest  upon,  or  are  nothing  more  than  a  state- 
ment of  the  convention  that  the  resistance  of  any  conductor, 
from  a  part  A  to  a.  part  B,  to  a  current  flowing  from  A  to  B, 
is  the  fall  of  potential,  caused  by  resistance,  divided  by  the 
current.  It  is  to  be  particularly  noted  that  this  proposition  is  a 
convention,  and  like  all  conventions  cannot  be  subjected  to 
proof.  It  can  only  be  examined  from  the  point  of  view  of  con- 
venience in  studying  phenomena.  It  leaves  open  the  question 
whether  the  resistances  of  the  same  conductor  at  the  same  tem- 
perature are  or  are  not  equal  for  all  currents.  Experiments  of 
the  highest  accuracy  enable  us  to  answer  the  question  affirma- 
tively for  solid  conductors,  non-electrolytic  liquid  conductors, 
and  electrolytes  which  are  not  parts  of  cells  for  all  currents 
having  the  same  distribution  in  the  conductor.  From  this  short 
digression  on  Ohm's  law  we  will  now  return  to  the  measure- 
ment of  the  E.M.F.  of  a  cell  by  means  of  the  current  in  its  circuit 
and  the  resistance  external  to  the  cell.  Starting  from  the  con- 
vention which  has  just  been  stated  we  have  for  a  circuit  that 
the  total  fall  of  potential  caused  by  resistance,  V^,  divided  by  the 
current,  I,  is  equal  to  the  sum  of  the  external  and  internal  resist- 
ance of  the  circuit,  R  -\-  r.  Or  R  -\-  r=^.  This  equation 
does  not  as  yet  contain  the  E.M.F.  of  the  cell.  But  if  the  net 
decrease  of  energy  in  the  cell,  apart  from  the  heat  caused  by 
resistance,  is  the  only  transformation  of  energy  in  the  circuit  he- 
sides  the  generation  of  heat  caused  by  the  resistance  of  the  entire 
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circitit,  we  have  by  the  law  of  the  conservation  of  energy  that 
the  former  is  equal  to  the  latter,  and  the  E.M.F.  of  the  cell  E  is 
equal  to  the  fall  of  potential  caused  by  resistance.  This  gives 
R  -\-  r^^=  J  from  which  E  can  be  obtained  by  making  R  so 
large  that  r  is  negligible  and  measuring  /  and  R.  The  equation 
R  -\-  r=^j  with  the  accompanying  restriction  constitutes  the 
form  of  Ohm's  law  involving  only  the  E.M.F.  of  the  generator. 

One  of  the  difficulties  which  arises  with  voltaic  cells  is  in 
regard  to  the  manner  in  which  Ohm's  law  applies  from  one 
terminal  to  the  other  of  a  cell  through  the  cell.  In  the  general 
equation  for  Ohm's  law  C  =  |  what  does  E  represent  when 
the  equation  is  applied  to  this  particular  case?  The  customary 
definitions  of  E.M.F.,  with  the  usual  statements  of  Ohm's  law, 
give  not  the  slightest  clue  as  to  what  E  represents.  This  diffi- 
culty is  overcome  immediately  by  means  of  the  fundamental 
form  of  this  law  which  has  been  put  forward.  A  direct  appli- 
cation of  this  form  of  the  law  to  the  particular  case  under 
consideration  would  be  to  measure  the  heat  caused  by  resistance 
in  the  cell  per  unit  of  electricity  which  is  the  fundamental  mode 
of  measuring  a  fall  of  potential  caused  by  resistance  and  then  to 
find  the  ratio  of  this  fall  of  potential  to  the  current.  This  ratio 
is  the  resistance  of  the  cell.  This  would  be  an  application  of 
Ohm's  law  to  the  cell.  The  experimental  difficulties  of  this 
method  of  measuring  the  resistance  of  a  cell  are  well  nigh  insur- 
mountable; and,  as  far  as  I  know,  no  attempt  has  ever  been 
made  to  overcome  them.  Therefore,  some  indirect  method 
must  be  established. 

One  of  these  which  was  much  in  vogue  until  about  a  decade 
ago,  and  has  not  yet  been  relegated  to  its  proper  place  in  all 
text-books  is  Mance's  method.  Two  conditions  must  be  satisfied 
in  this  method :  the  E.M.F.  of  the  cell  and  its  resistance  must  be 
constant  for  two  widely  differing  currents. 

A  far  better  method  is  to  measure  the  rise  of  potential  through 
the  cell  from  the  negative  to  the  positive  terminal  when  a  cur- 
rent, which  can  be  found,  is  flowing-  through  it;  and  imme- 
diately after  opening  the  circuit,  before  disturbing  changes  in 
the  cell  can  occur,  to  measure  the  rise  of  potential  through  the 
cell  when  no  current  is  flowing.  The  first  rise  of  potential 
will  be  denoted  by  e;  the  second  rise  of  potential  which  is  the 
E.M.F.  of  the  cell  with  no  current  will  be  denoted  by  E;  the 
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current  will  be  denoted  by  /.  The  rise  of  potential  through  a 
cell  when  a  current  is  flowing  is  less  than  the  E.M.F.  of  the  cell 
with  that  current  by  a  magnitude  which  is  the  fall  of  potential 
caused  by  resistance.  Hence  if  the  E.M.F.  of  the  cell  with  a 
current  is  equal  to  its  E.M.F.  immediately  upon  the  cessation  of 
the  current,  E  —  ^  is  the  fall  of  potential  in  the  cell  caused  by 
resistance,  and  tHfe  ratio  of  this  to  the  current  flowing  through 
it,  is  by  the  convention  already  stated  the  resistance  of  the  cell. 
If  r  is  the  resistance  of  the  cell,  we  have  r=  ^^. 

Carhart  ^^  has  developed  a  particular  mode  of  carrying  out 
this  general  method.  He  measured  the  rises  of  potential  in  the 
cell  by  charging  a  condenser  attached  to  the  terminals  of  the  cell, 
and  discharging  it  through  a  galvanometer.     By  this  method 

Fig.  6. 


Carhart  found  that  the  resistance  of  a  Daniell  cell  decreased  from 
5.56  ohms  with  a  current  of  .024  amperes  to  4.80  ohms  with  a 
current  of  .190  amperes.  It  can  be  urged  against  these  experi- 
ments that  the  E.M.F.  with  no  current  which  was  measured 
before,  instead  of  after,  measuring  the  rise  of  potential  in  the 
cell  with  a  current,  was  too  great  and  that  this  error  was  greater 
for  the  smaller  currents. 

Ayres  ^^  has  devised  a  modification  of  the  method  of 
Kohlrausch.  A  Wheatstone  bridge  is  used  with  the  cell 
and  a  condenser  for  one  arm,  a  condenser  and  adjust- 
able resistance  for  another  arm,  and  two  adjustable  resistances 
forming  the  remaining  arms.  The  junction  of  the  first  two 
arms  is  joined  to  the  junction  of  the  last  two  arms  by  a  con- 
ductor attached  to  a  telephone.  The  current  for  the  bridge  is 
supplied  by  an  induction  coil  joined  to  the  other  pair  of  junc- 
tions. This  arrangement  permits  the  measurement  of  the  resist- 
ance of  the  cell  through  a  wide  range  of  current.     The  current 
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from  the  cell  flows  throug-h  an  auxiliary  conductor  attached  to 
its  terminals.  A  diagram  of  the  bridge  is  shown  in  Fig-.  6. 
The  limits  of  this  paper  will  not  permit  a  discussion  of  the 
theory  of  this  bridge.  The  equations  which  hold  when  there  is 
no  current  in  the  telephone  are 

r,R  „ 

The  deduction  requires  that  the  E.M.F.  of  the  cell  and  the  resist- 
ance are  constant  for  the  slight  currents  added  by  induction  coil 
to  the  current  of  the  cell.  Ayres  found  that  the  resistance  of  a 
Daniell  cell  did  not  vary  more  than  a  few  thousandths  of  an  ohm 
from  1.600  ohms,  for  currents  from  a  few  thousandths  to  about 
one-fifth  of  an  ampere.  These  results  are  to  be  expected  in  view 
of  the  experiments  made  Avith  electrolytes  which  are  not  parts  of 
cells. 

Fig.   7. 


I  have  performed  a  series  of  experiments  with  a  Daniell  cell 
to  determine  whether  the  disagreement  between  results  of  Car- 
hart  and  of  Ayres  arise  from  errors  in  the  experiments  of 
Carhart  or  whether  they  demand  another  explanation.  The 
method  of  these  experiments  differs  from  that  of  Carhart  merely 
in  the  manner  of  measuring  the  rises  of  potential  in  the  cell 
with  and  without  a  current.  Instead  of  a  condenser  an  auxiliary 
circuit  was  used.  The  rises  of  potential  were  measured  by 
balancing  against  a  fall  of  potential  in  that  circuit  caused  by 
resistance. 

Fig.  7  is  a  diagram  of  the  arrangement  of  the  apparatus. 
The  rises  of  potential  in  the  Daniell  cell  C  were  measured  by 
the  fall  of  potential  in  a  resistance  Ro  in  which  a  steady  current 
was  flowing  from  a  storage  cell  A.  This  current  w-as  main- 
tained steady  by  keeping  the  temperature  of  the  storage  cell 
constant  and  keeping  the  sum  of  the  resistances  R^  and  i?2  in 
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two  boxes  always  equal  to  that  of  one  of  them  with  all  the  plugs 
removed.  The  resistance  in  each  of  these  boxes  was  of  course 
varied  for  each  adjustment.  The  current  through  R^  and  R2 
was  measured  before  and  after  a  series  of  measurements  by 
balancing  a  Clark  cell  across  i?2-  The  Daniell  cell  had  a  cylin- 
drical sheet  copper  electrode  11  cm.  high  and  8  cm.  in  diameter 
which  rested  upon  the  bottom  of  the  containing  vessel.  A  satu- 
rated solution  of  copper  sulphate  was  35^cm.  deep  in  this  vessel. 
A  porous  cup  was  placed  centrally  inside  the  copper  cylinder  and 
a  zinc  rod  i  cm.  in  diameter  was  placed  centrally  with  its  lower 
end  upon  the  bottom  of  the  cup.  A  saturated  solution  of  zinc 
sulphate  in  the  cup  had  its  level  in  coincidence  with  the  level  of 
the  solution  outside.  The  rise  of  potential  in  the  Daniell  cell 
was  first  measured  before  any  current  had  been  taken  from  it, 
except  a  trace  in  adjusting  the  resistance  R2  to  balance  the 
E.M.F.  of  the  cell.  Then  a  circuit  was  closed  containing  the  cell 
and  the  box  r-^  with  a  resistance  of  15  ohms  in  it.  When  the 
cell  had  reached  a  constant  state  the  rises  of  potential  in  the  cell 
were  measured  while  the  current  was  flowing  and  immediately 
after  opening  the  circuit  momentarily  at  the  key  K2.  The  rises 
of  potential  of  the  cell  in  the  same  state  were  measured  imme- 
diately after  momentarily  disconnecting  rj  from  the  cell  and 
connecting  ro  to  the  cell  with  resistances  of  60  ohms  and  200 
ohms  successively.  This  was  done  by  the  switch  6^.  A  d'Arson- 
val  galvanometer,  not  shown  in  the  diagram,  was  used  in  obtain- 
ing the  balances.  At  the  beginning  and  end  of  one  set  of  experi- 
ments the  Clark  cell  with  an  E.M.F.  of  1.4413  volts  was  balanced 
by  a  resistance  of  7957.5  ohms  in  Ro,  showing  a  remarkable 
constancy  of  the  storage  cell.  The  current  in  R2  was  .00018112 
amperes.  The  E.M.F.  of  the  Daniell  cell  before  taking  any  cur- 
rent from  it  was  1.0981  volts.  The  remainder  of  the  results  are 
contained  in  the  two  following  tables. 

Accordingly  a  slight  decrease  in  the  resistance  of  this  cell, 
beyond  the  errors  of  measurement,  exist  according  to  this 
method.  This  can  be  explained  in  another  manner  which  will 
bring  the  results  of  the  method  of  Ayres  and  this  method  into 
agreement.  The  equation  for  this  method  depends  upon  the 
assumption  that  E.M.F.  of  the  cell  immediately  upon  the  cessa- 
tion of  a  current  is  equal  to  the  E.M.F.  with  that  current.  In  the 
equation  for  the  resistance  of  the  cell  r=  ^~^,  if  E,  the 
E.M.F.  of  the  cell  immediately  upon  the  cessation  of  the  current. 
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is  smaller  than  the  EM.F.  of  the  cell  with  the  current,  the  value 
of  the  resistance  of  the  cell  obtained  from  the  equation  will  be 
less  than  its  true  value.  An  increase  of  the  E.M.F.  of  the  cell 
with  the  current  is  therefore  all  that  is  necessary  to  explain  the 
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contradiction  between  the  results  of  this  method  and  those  of 
Ayres,  and  there  seem  to  be  no  reasons  which  can  be  raised 
with  our  present  knowledge  against  this  explanation.  Further 
experiments  with  other  concentrations  of  the  solutions  are  desir- 
able accompanied  by  the  simultaneous  application  of  the  method 
of  Avres  and  this  method. 
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VALUE  OF  PIG  IRON  PRODUCED  IN  1908. 

STATEMENT   BY   GEOLOGICAL    SURVEY. 

The  approximate  value  of  the  output  of  pig  iron  in  the  United  States 
in  1908  (15,936,018  long  tons),  as  reported  by  the  producers  to  the  United 
States  Geological  Survey,  was  $254,321,000  f.  o.  b.  at  the  furnaces.  This 
was  a  decrease  of  $275,637,000,  or  52.01  per  cent.,  from  the  value  of  1907, 
though  the  production  decreased  only  38.19  per  cent.  The  average  price 
per  long  ton  was  $15.96,  as  against  $20.56  in  1907,  but  the  latter  figure  was 
the  highest  during  the  last  two  decades.  These  figures  are  taken  from  a 
report  on  the  production  of  iron  ores,  pig  iron,  and  steel  in  1908,  published 
as  an  advance  chapter  from  "  Mineral  resources  of  the  United  States, 
calendar  year,  1908."  This  report  contains  a  map  showing  the  distribution 
of  iron  ore  in  the  United  States,  compiled  by  E.  C.  Harder,  and  another 
showing  the  location  of  blast  furnaces  in  the  United  States,  compiled  by  W. 
T.  Thom. 
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The  decomposition  of  fat  by  certain  of  these  organisms  was 
shown  qualitatively  upon  plates ;  the  plating  medium  consisted  of 
an  emulsion  of  palm  oil  in  mineral  salt  solution  to  which  1.5  per 
cent,  agar  had  been  added.  The  bacteria  colonies  and  some  of 
the  mould  colonies  formed  clear  areas  about  themselves  when 
plated  in  this  medium;  these  areas  were  produced  by  decomposi- 
tion of  the  fat,  since  microscopic  examination  of  the  clear  spaces 
showed  that  within  them  the  droplets  of  fat  had  vanished  almost 
completely.  Weighing  the  fat  before  and  after  submitting  it 
to  the  action  of  the  organisms  resulted  in  a  loss  in  weight,  hence 
the  fat  was  decomposed. 

The  bacteria  were  named  Bacillus  a  and  Bacillus  fi  by  Rahn. 
Bacillus  a  is  a  rapidly  moving,  liquefying  rod,  a  characteristic 
distinction  between  it  and  Bacillus  Huorescens  liquefaciens  could 
not  be  determined.  It  possesses  vigorous  fat-splitting  ability 
as  well  as  oxidizing  power.  It  is  able  to  destroy  oleic  acid  but 
does  not  attack  the  volatile  fatty  acids  to  any  great  extent. 

Bacillus  )8  is  a  rod  in  which  motion  could  never  be  detected. 
It  decomposes  fats  to  a  lesser  degree  than  Bacillus  a  .  It  is 
uncertain  whether  this  bacillus  prefers  any  fatty  acids. 

The  moulds  included  Penicillium  glaucum,  another  Penicil- 
lium  probably  Penicillium  luteum,  a  snow-white  mould  and  a  gray 
mould.     Penicillium  glaucum  produces  greenish  yellow  spots  in 
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fat;  Penicillium  luteum  (?)  colors  fat  yellow;  the  snow-white 
mould  gives  to  fat  a  magnificent  red  color.  The  gray  mould 
decomposes  it  but  slightly. 

Experimental  proof  was  obtained  by  Rahn  that  each  of  the 
bacilli  and  moulds  is  able  to  consume  pure  glycerol,  pure  stearic 
acid  and  pure  palmitic  acid. 

These  organisms  in  pure  culture  were  also  permitted  to  act 
upon  sterile  palm  oil  or  butter  fat  in  the  presence  of  sterile  mineral 
salt  solution  for  several  weeks.  The  acidity  and  iodine  number 
of  the  fats  increased,  while  the  Reichert-AIeissl  number  de- 
creased. The  moulds  produced  a  far  more  extensive  hydrolysis 
than  did  the  bacilli ;  they  also  consumed  more  volatile  fatty  acids 
than  did  the  latter,  hence  gave  rise  to  a  greater  decrease  in  the 
Reichert-Meissl  number.  The  two  Penicillii  possess  strong  fat- 
splitting  power;  they  prefer  glycerol  and  lower  fatty  acids  but  do 
not  attack  oleic  acid.  The  white  mould  splits  the  fats  but  to  a 
lesser  extent  than  do  the  Penicillii,  w^hich  it  resembles  in  not 
attacking  oleic  acid;  it  exerts  its  oxidizing  power  first  upon  the 
volatile  acids.  Like  the  gray  mould,  the  yeast  decomposes  fat 
to  only  a  slight  degree.  Rahn  suggests  that  the  increase  in  the 
iodine  number  of  the  fat  is  due  to  the  formation  of  unsaturated 
compounds,  possibly  from  the  glycerol. 

Several  investigators  have  recorded  the  changes  in  the  con- 
stants of  butter  fat  as  the  butter  became  rancid.  Koettstorf er  *^ 
mentions  that  the  saponification  number  of  the  fat  from  two 
samples  of  butter  which  had  been  kept  at  the  temperature  of  the 
laboratory — one  for  six  weeks,  the  other  for  several  months — 
suffered  a  slight  decrease,  wdiich  he  ascribed  to  liberation  and 
volatilization  of  a  portion  of  the  fatty  acids.  However,  the 
decrease  in  saponification  number  was  so  slight  that  Koettstorf  er 
declares  this  constant  may  be  used  for  the  detection  of  foreign 
fats  in  rancid  butter.  Spallanzani  ^^  determined  the  Reichert- 
Meissl  number  of  the  fat  of  some  seventy  butters  of  known 
origin  and  purity.  At  the  same  time,  he  determined  the  same 
constant  of  the  fat  of  two  butters  (likewise  of  known  origin  and 
purity)  which  had  become  rancid  and  had  been  washed.  The 
one  sample  w^as  eight  days  old,  the  other  twenty  days  old.  The 
fat  of  each  had  a  Reichert-Meissl  number  much  low^er  than  even 
the  minimum  value  obtained  on  fresh  butter.  The  older  butter 
had  the  lower  value  of  the  two. 
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Corbetta  ^•"'  determined  the  Reichert-Meissl  number  of  the 
fat  of  the  same  butter  in  the  fresh  condition  and  at  intervals 
during  a  period  of  six  months,  as  the  butter  became  rancid.  This 
constant  showed  a  slight,  but  progressive,  decrease.  Washing 
the  rancid  butter  with  water  or  with  sodium  bicarbonate  solution 
failed  to  remove  volatile  fatty  acids,  since  both  the  washed  and 
unwashed  butter  possessed  the  same  Reichert-Meissl  number. 
The  butter  had  been  kept  in  a  paper-covered  container.  On  the 
other  hand,  von  Raumer  ^e  found  that  the  Reichert-Meissl  num- 
ber of  butter  fat  gradually  increased  with  age  and  the  develop- 
ment of  acidity  and  rancidity.  His  sample,  which  was  stored  in 
a  dark  place,  was  analyzed  at  intervals  during  a  period  of  three 
and  a  half  years.  Henriques  2"  states  that  the  mean  molecular 
weight  of  those  fatty  acids  which  are  readily  volatile  in  steam 
and  are  soluble  in  water,  is  considerably  lower  in  rancid  butter 
than  in  fresh  butter. 

De  Kruyff  ^^  discovered  eight  new  "  lipobacteria,"  which  are 
of  very  common  occurrence  in  nature,  since  they  were  isolated 
from  river  water,  sewage,  excrement  of  animals  and  various 
other  sources.  However,  they  occur  in  such  small  numbers  that 
de  KruyfT  was  obliged  to  resort  to  an  elective  culture  method  in 
order  to  isolate  them.  The  lipobacteria  are  aerobes;  they  first 
secrete  a  lipase  which  produces  hydrolysis  of  the  fat;  then  the 
organisms  oxidize  the  free  fatty  acid  directly  to  carbon  dioxide 
and  water  without  the  formation  of  intermediate  compounds. 
Each  of  the  new  organisms  possesses  the  power  both  to  split 
fats  and  to  oxidize  the  free  fatty  acids;  not  one  of  the  bacteria 
was  found  to  have  one  and  not  the  other  of  these  properties. 
Data  are  given  by  de  Kruyfif  concerning  the  hydrolysis  and  oxi- 
dation of  triolein,  tripalmitin,  tristearin  and  tributyrin,  and  con- 
cerning the  oxidation  of  oleic,  palmitic  and  stearic  acids  by  the 
lipobacteria.     These  organisms  also  destroy  claidin. 

The  lipase,  which  these  bacteria  secrete,  is  soluble  in  water, 
and  is  able  to  diffuse  in  gelatine.  A  small  quantity  of  acid  or  of 
alkali  exerts  no  influence  upon  the  enzyme.  When  these  bacteria 
were  grown  upon  gelatine  plates,  in  which  a  glyceride  was  sus- 
pended, each  colony  formed  a  transparent  circle,  due  to  the  diffus- 
ion of  the  lipase  secreted  by  the  organisms.  The  lipobacteria 
are  able  to  use  either  organic  nitrogen  (peptone)  or  inorganic 
nitrogen    (ammonium  chloride  or  potassium  nitrate)    as   food. 
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If  both  denitrifying  bacteria  and  lipobacteria  were  present,  an  in- 
teresting phenomenon  was  noticed  when  the  gelatine  plating 
medium  contained  triolein  and  potassium  nitrate.  Microscopic 
crystals  were  formed  about  the  colonies.  The  denitrifiers  reduced 
the  nitrate  to  nitrite,  and  the  nitrous  acid  caused  the  rearrange- 
ment of  the  olein  into  its  geometric  isomeride,  solid  elaidin,  which 
formed  the  crystals. 

Bacillus  Huorescens  is,  to  a  certain  extent,  a  lipobacterium.  It 
secretes  the  lipase,  though  but  slightly.  When  the  medium  con- 
tained potassium  nitrate  and  oleic  acid,  this  bacillus  caused  the 
oil  drops  to  be  filled  with  crystals.  However,  when  triolein  was 
substituted  for  oleic  acid,  crystals  formed  in  both  the  oil  drops 
and  the  intermediate  spaces.  When  the  medium  contained  am- 
monium chloride  instead  of  potassium  nitrate,  no  crystals 
appeared.  De  Kruyff  states  that  anaerobes  neither  hydrolyze 
nor  oxidize  fats. 

Droste  ^^  studied  the  effect  of  the  moulds  of  the  air  upon  olive 
oil.  A  petri  dish  was  covered  with  agar,  which  was  then  exposed 
to  the  air.  Olive  oil  was  poured  upon  the  culture  thus  obtained ; 
the  dish  and  its  contents  were  agitated  several  times  daily  in  order 
to  aerate;  they  were  stored  at  room  temperature  in  a  dark,  not 
very  dry  place.  After  the  moulds  had  acted  upon  the  olive  oil 
for  a  period  of  twenty  days,  the  oil  was  without  odor,  a  musty 
but  not  harsh  taste  had  developed,  the  color  was  unaltered  and 
the  oil  had  become  less  viscous.  It  was  filtered  and  analyzed. 
A  great  increase  in  the  free  fatty  acids  had  occurred ;  the  water- 
soluble  free  acids  and  the  Reichert-Meissl  number  increased 
slightly.  The  saponification  number  and  the  iodine  number  also 
showed  an  increase.  The  refractive  index  remained  unchanged, 
and  the  response  of  the  oil  to  the  elaidin  test  was  affected  to  only 
a  slight  extent. 

Recently  Huss  ^^  has  isolated  a  new  fat-splitting  organism, 
Bactridium  lipolyticum,  from  milk.  It  gives  a  faulty  flavor  to 
milk  and  butter  and  especially  to  cream.  The  bactridium  is  a 
facultative  aerobe,  with  flagellas;  it  liquefies  gelatine.  Four 
enzymes  are  secreted  by  the  organism,  a  rennin-like  enzyme,  a 
proteolytic  enzyme,  an  enzyme  which  ferments  sugars,  with  the 
exception  of  lactose,  and  a  lipolytic  enzyme. 

The  lipase  is  able  to  diffuse  through  agar  and  to  decompose 
a  layer  of  beef-tallow  beneath  the  agar.  The  tallow  is  changed 
both  macroscopically  and  microscopically.     Macroscopically  the 
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saponified  fat  may  be  distinguished  from  the  unchanged  fat  by 
a  quite  white,  nearly  opaque  appearance.  It  is  brittle  and  moist, 
and  clings  to  the  agar  if  the  latter  be  lifted.  The  unattacked 
tallow,  on  the  other  hand,  clings  to  the  glass  (petri  dish).  These 
changes  occur  after  the  agar  plates  have  been  kept  at  37°  C.  for 
twenty  hours.  Under  the  microscope  the  particles  of  unaltered 
fat  have  a  pale  yellow  color  and  no  pronounced  form.  But  the 
particles  of  decomposed  fat  have  a  more  brownish  tinge,  and  are 
usually  starlike.  Between  these  small  brownish  star-shaped 
particles,  long  needle  crystals,  which  fomi  clusters,  occur 
abundantly. 

When  a  pure  culture  of  Bactridium  lipolyticnm  was  added  to 
either  sterile  or  pasteurized  cream,  which  then  was  kept  at  37°  C  , 
the  cream  became  rancid  in  odor  and  taste  at  the  end  of  forty- 
eight  hours.  The  organism  attacks  both  fat  and  protein.  It 
thrives  well  in  the  company  of  acid-formers  up  to  a  certain 
degree  of  acid-formation,  then  is  either  killed  or  retarded  by  the 
increasing  quantity  of  lactic  acid.  If  the  bactridium  be  accom- 
panied by  a  number  of  acid-formers  insufficient  either  to  kill  it 
or  to  retard  its  growth,  the  lactic  acid  prevents  either  the  secre- 
tion or  the  action  of  the  proteolytic  enzyme,  but  fails  to  influence 
the  lipolytic  enzyme;  in  this  case,  the  cream  tastes  and  smells 
sourish  rancid  but  not  bitter.  When  unaccompanied  by  other 
organisms,  Bactridium  lipolyticnm  decomposes  both  butter  fat 
and  protein,  and  ruins  the  taste  of  the  cream,  making  it  rancid 
and  bitter. 

By  virtue  of  its  sugar-fermenting  enzyme,  the  bactridium 
is  able  to  ferment  sugars  with  the  exception  of  lactose;  acid  is 
formed  in  the  fennentation.  Glycerol  is  also  fermented  by  the 
organism  with  the  formation  of  acid. 

Deleamo  ^^  has  investigated  the  lipase  of  the  moulds,  Peni- 
cillium  glaucnm,  Aspergillus  flavus  and  Aspergillus  niger.  Each 
of  these  moulds  in  the  powdered  condition  possesses  the  power  to 
split  ethyl  butyrate,  monobutyrin  and  tributyrin.  Ten  grammes 
of  each  mould  were  extracted  for  two  days  at  37°  with  a  solu- 
tion which  contained  i  per  cent,  monosodium  phosphate  and  0.5 
per  cent,  phenol,  then  filtered.  Each  extract  was  permitted  to 
act  upon  each  of  the  esters.  The  extract  from  Penicillium  glaii- 
cum  failed  to  split  ethyl  butyrate.  monobutyrin  or  tributyrin. 
The  extract  of  Aspergillus  flavus  had  no  action  on  monobutyrin, 
but  produced  a  weak  hydrolysis  of  ethyl  butyrate  and  tributyrin. 
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The  solution  derived  from  Aspergillus  niger  did  not  hydrolyze 
ethyl  butyrate  but  split  monobutyrin  slightly  and  tributyrin  to  a 
considerable  extent. 

Organisms,  are,  in  all  probability,  unable  to  live  upon  abso- 
lutely pure  and  sweet  fats  and  oils  and  to  decompose  them. 
However,  if  the  fats  be  contaminated  by  even  slight  quantities 
of  compounds,  either  organic  or  inorganic,  which  supply  nutri- 
ment to  the  organisms,  the  latter  thrive  and  produce  changes  in 
the  composition  of  the  fats.  Apparently  organisms  are  able  to 
live  in  rancid  fats. 

Bacteria  which  decompose  fats  may  be  divided  into  three 
classes.  The  first  class  simply  produces  hydrolysis  of  the  glycer- 
ides.  The  second  class  first  splits  the  fats,  then  consumes  the 
lower  fatty  acids.  The  third  class  hydrolyzes  the  fats,  then  con- 
sumes the  liberated  fatty  acids  of  both  high  and  low  molecular 
weight.  These  decompositions  of  the  fat  produce  changes  in  the 
values  of  the  fat-constants.  The  first  class  of  bacteria  increases 
the  acid  value;  the  second  class  increases  the  acid  value,  iodme 
number  and  probably  the  Hehner  number,  and  decreases  the 
saponification  and  Reichert-Meissl  numbers ;  the  changes  in  the 
values  of  the  constants  produced  by  the  third  class  have  not  been 
studied.  The  chief  change  must  be  the  increase  of  the  acidity. 
The  bacteria  which  decompose  fat  are  always  aerobes  and  are 
usually  liquefiers ;  non-liquefiers  ordinarily  lack  the  power  of 
attacking  fats. 

The  moulds  usually  split  the  glycerides,  then  consume  the 
volatile  fatty  acids.  As  a  result,  the  iodine  number,  the  acid 
value  and  probably  the  Hehner  number  rise  while  the  saponifica- 
tion number  and  the  Reichert-Meissl  number  decrease.  The 
bacteria  and  most  of  the  moulds  consume  only  free  glycerol. 
However,  certain  moulds  possess  the  power  of  attacking  the 
combined  glycerol  of  fats,  and  compounds  of  etherial  odor  are 
thus  produced. 

The  yeasts  may  be  divided  into  three  classes,  those  which 
produce  hydrolysis  of  the  glycerides,  those  which  attack  the  com- 
bined glycerol  with  the  production  of  an  odor  of  esters  and 
those  which  do  not  have  any  action  upon  fats.  It  has  been 
proved  that  many  fat-splitting  organisms  secrete  enzymes  which 
produce  the  hydrolysis ;  possibly  all  lipolytic  organisms  act  by 
virtue  of  lipases. 
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explanation  of  the  tables. 

Under  "  mould  "  or  "  organism  "  is  given  the  name  of  the 
organism. 

Under  "  fat  or  oil  "  is  given  the  glyceride  upon  which  that 
organism  was  permitted  to  act. 

A  sign  in  the  columns  of  fat-constants  signifies  that  the 
organism  caused  an  increase  (  +  )  or  a  decrease  ( — )  in  the 
value  of  that  constant.  The  (*)  indicates  that  the  increase  or 
decrease  was  but  slight. 

A  sign  -f-  ii^  the  column  headed  "  lipase  "  means  that  the 
secretion  of  a  lipase  by  the  organism  was  demonstrated. 

The  +  in  the  column  headed  "  ester  odor  "  signifies  that  the 
organism  produced  an  odor  of  volatile  esters  in  decomposing  the 
glycerides;  when  the  odor  recalled  that  of  a  particular  ester,  the 
name  of  that  ester  is  given. 

The  columns  "  investigator  "  and  "  number  "  give  the  name 
of  the  investigator  and  the  number  assigned  to  his  paper  in  the 
appended  bibliography. 

TISSUE-ENZYMES    AND    THEIR    RELATION    TO    THE    FATS. 

Enzymes,  which  are  able  to  produce  hydrolysis  of  fats  and 
of  other  esters,  are  found  in  both  the  animal  and  vegetable  king- 
doms. In  the  plant-world,  the  seeds  of  many  species  contain 
more  or  less  fat ;  in  the  seeds  of  these  species  a  lipolytic  enzyme 
is  usually  present.  Sigmund  ^^  studied  the  lipase  of  the  seeds 
of  summer  rape  {Brassica  Napus  annua),  winter  rape  {Brassica 
Napus  oleifera),  Ricimts  communis,  Ricinus  major,  poppy 
{Papaver  somnif evens),  hemp  (Cannabis  sativa),  flax  (Linum 
usitatissimum) ,  pumpkin  {Ciirciirbita  pepo)  and  maize  (Zea 
mais) . 

The  seeds  of  each  species  were  ground  with  water  and  the 
resulting  emulsions  were  allowed  to  stand  at  least  for  several 
hours  and  at  most  for  two  days.  The  free  fatty  acids  were 
determined  at  both  the  beginning  and  the  end  of  each  experi- 
ment; they  increased  in  every  case. 

In  order  to  exclude  fermentation  and  putrefaction  during 
the  splitting  of  the  fat,  a  protein,  to  which  the  lipolytic  enzyme 
clung,  was  prepared  from  the  seeds  and  was  substituted  for  the 
latter   in   the   experiments.     The   mode   of   preparation   of   the 
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enzyme-rich  protein  may  be  described  briefly.  The  seeds  of  rape 
or  of  ricinus,  both  of  which  proved  to  be  especially  suitable, 
were  finely  divided  and  extracted  with  water  or  glycerol;  the 
extract  was  treated  with  alcohol  whereupon  the  enzyme  and  pro- 
teins were  precipitated.  The  precipitate  was  collected  upon  a 
filter,  washed  with  alcohol,  and  dried  at  30°  C.  Weighed  quanti- 
ties of  this  precipitate  in  the  finely  divided  condition  were  mixed 
with  water  and  a  weighed  quantity  (5  or  10  grammes)  of  an 
oil,  usually  olive  oil,  of  known  acid  content;  the  mixture  was 
agitated  frequently  in  order  to  maintain  an  emulsion.  After 
a  period  of  twenty-four  hours  had  elapsed,  the  acid  content  of  the 
oil  was  determined.  Control  experiments  were  made  in  which 
pure  egg-albumin  was  substituted  for  the  precipitate  in  order 
to  allow  for  any  hydrolysis  produced  by  the  proteins  of  the 
precipitate.  This  series  of  experiments  was  carried  out  at  ordin- 
ary temperature.  While  0.20  to  0.52  gramme  of  the  precipitate 
from  rape  seed  liberated  from  51  to  96  milligrammes  of  oleic 
acid,  the  same  quantities  of  egg-albumin  set  free  a  much  smaller 
amount  of  oleic  acid, — from  8  to  1 1  milligrammes.  During  simi- 
lar experiments  made  at  30°  to  40°  C,  the  oleic  acid,  which  was 
liberated  by  the  same  quantities  of  precipitate  as  used  in  the 
preceding  experiments,  was  increased  in  weight  by  10  to  25 
milligrammes. 

Sigmund  concluded  that  the  precipitate  contains  a  lipolytic 
enzyme,  the  action  of  which  is  slow  and  of  slight  intensity. 

Green,^^  in  studying  the  germination  of  the  castor-oil  plant — 
Ricinus  communis — devoted  much  attention  to  the  lipase  of  the 
seeds.  The  germinating  seeds  were  extracted  with  an  aqueous 
solution  which  contained  5  per  cent,  sodium  chloride  and  0.2  per 
cent,  potassium  cyanide.  The  extract  was  dialyzed  until  almost 
free  from  sodium  chloride,  which  hinders  the  action  of  the  lipase, 
but  the  content  of  the  extract  in  potassium  cyanide  was  kept 
constant  in  order  to  prevent  putrefaction.  Ten  c.c.  of  the  dia- 
lyzed extract  were  mixed  by  stirring  with  a  fluid  ounce  of  castor 
oil  which  previously  had  been  made  into  a  thick  emulsion  with 
gum.  Litmus  solution  was  added ;  the  mixture  was  made  just 
alkaline  to  the  litmus,  and  was  placed  in  a  dialyzing  tube,  which 
was  suspended  in  200  c.c.  of  a  solution  containing  0.6  per  cent, 
sodium  chloride  and  0.2  per  cent,  potassium  cyanide.  The  tem- 
perature at  which  the  experiment  was  made  was  37°  C.  the  dura- 
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tion  of  the  experiment  was  one  week.  The  litmus  gradually 
became  purple,  then  reddish,  and  glycerol  appeared  in  the  dia- 
lyzate  which  remained  unchanged  in  reaction.  Therefore,  the 
lipolytic  enzmye  of  the  extract  had  split  the  oil  into  free  fatty 
acid  and  glycerol.  In  a  control  experiment  in  which  the  extract 
was  boiled  before  mixing  with  the  oil-emulsion,  neither  free 
acid  nor  free  glycerol  was  formed. 

The  lipase,  according  to  Green,  acts  best  in  neutral  solution ; 
its  action  is  hindered  by  as  little  as  0.066  per  cent,  hydrochloric 
acid  and  is  stopped  by  0.133  per  cent,  of  the  same  acid.  Like- 
wise 0.066  per  cent,  sodium  carbonate  slightly  retards  the  activity 
of  the  enzyme  while  0.66  per  cent,  of  this  carbonate  produces  an 
entire  cessation  of  the  hydrolysis. 

He  states  that  the  enzyme  is  present  in  the  resting  seeds  as  a 
zymogen.  Such  seeds  were  ground  and  freed  from  oil  by  means 
of  ether.  An  extract,  which  was  prepared  from  the  residual 
powder  in  the  usual  way,  failed  to  hydrolyze  emulsion  of  castor- 
oil.  However,  this  extract  became  active  after  it  had  stood  for 
several  days,  or  after  it  had  been  heated  at  35°  for  three  hours 
with  weak  acetic  acid,  which  was  then  neutralized.  Extraction 
of  the  powdered,  oil-free,  resting  seeds  with  weak  acetic  acid, 
at  incubator  temperature,  also  furnished  a  lipolytically  active  ex- 
tract. The  zymogen  was  converted  into  an  active  lipase  by  the 
long  standing  in  solution  and  by  the  weak  acetic  acid.  The 
ricinus  seeds  also  contain  a  proteolytic  (trypsin)  enzyme  and  a 
rennin  ferment. 

Browne  ^'^  discovered  in  rice  a  lipase  which  splits  the  rice 
oil  and  thus  produces  a  rancid  rice-bran.  The  acid  value  of  the 
oil  derived  from  a  bran,  which  had  been  milled  six  hours,  was 
much  higher  than  the  acid  value  of  the  oil  prepared  from  an- 
other portion  of  the  same  raw  rice.  The  acidity  increased  in 
unheated  bran  with  far  greater  rapidity  than  in  heated  bran. 
Browne  ascribes  the  activity  of  the  lipase  in  the  rice  bran  to  the 
fact  that  in  the  bran  a  far  greater  surface  is  exposed  than  in 
the  rice. 

Connstein,  Hoyer,  and  Wartenberg  ^^  have  made  an  exhaus- 
tive study  of  the  lipase  of  the  seed  of  Ricinus  communis, — the 
castor-oil  plant.  When  seeds  and  a  chloral  hydrate  solution  were 
rubbed  together  intimately  and  then  permitted  to  stand,  hydro- 
lysis at  first  was  slight ;  after  a  day  or  two,  the  velocity  increased 
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and  after  several  days  the  fat  of  the  seed  was  almost  completely 
split.  The  hydrolysis  was  not  hindered  by  the  presence  of  acid ; 
on  the  contrary  the  presence  of  2  per  cent,  acetic  acid,  ^ 
sulphuric  acid,  ^  and  ~  sodium  acid  sulphate  hastened  the 
splitting  of  the  fat.  Experiments  with  seeds,  from  which  the 
oil  had  been  removed,  showed  that  neither  water  nor  acids  can 
decompose  the  oil-free  seeds  with  formation  of  acid  products; 
further,  control  experiments  on  the  reagents  gave  no  increase 
in  the  acidity;  hence  the  increase  in  acidity,  when  seeds  contain- 
ing oil  were  used,  must  have  been  due  to  the  action  of  a  lipolytic 
enzyme  on  the  oil.  The  chloral  hydrate  was  used  as  a  disinfec- 
tant. Each  of  the  following  fats  and  oils — tallow,  bone  fat. 
cotton  seed  oil,  palm  oil,  palm  kernel  oil,  rape  oil,  peanut  oil, 
poppy  oil,  linseed  oil,  olive  oil,  castor  oil  and  fish  oil — was  sub- 
mitted to  the  action  of  the  ground  seeds  and  solution  of  chloral 
hydrate  ( i  per  cent. )  and  acid  or  acid  salt.  These  fats  and  oils 
were  split  extensively,  although  not  with  the  same  ease  and  inten- 
sity ;  in  some  the  hydrolysis  was  complete. 

All  plant  seeds  do  not  possess  the  lipolytic  power  to  the  same 
high  degree;  the  seeds  of  the  Euphorbiacecc  and  especially  of  the 
ricinus  varieties  were  found  to  surpass  all  other  seeds  in  produc- 
ing hydrolysis.  Ricinus  seeds  retained  the  power  to  split  fats, 
after  their  shells  had  been  removed,  and  the  oil  had  been  extracted 
either  by  pressure  in  the  cold  or  by  use  of  a  solvent ;  the  lipase  is 
completely  indifferent  to  treatment  of  the  seeds  with  ether  or 
carbon  disulphide.  The  lipolytic  power  of  the  enzyme  is  weak- 
ened by  treatment  of  the  seeds  with  water,  salt  solutions,  glycerol, 
etc.  This  is  especially  true  if  the  solution  of  the  enzyme  be  evap- 
orated, even  at  so  low  a  temperature  as  30  to  35°.  The  power 
is  also  lessened  if  the  same  sample  of  seed  be  used  several  times. 
if  the  seed  become  too  hot  during  grinding,  or  if  the  seed  be  dried 
for  too  long  a  time  at  100°  C.  Both  resting  and  germinating 
seeds  of  ricinus  were  found  to  be  able  to  hydrolyze  fats  with 
approxirnately  the  same  intensity.  Each  kind  of  seed,  in  the 
absence  of  added  acid,  produces  a  slow  initial  rate  of  hydrolysis, 
which  becomes  far  more  rapid  after  the  lapse  of  several  days : 
each,  likewise,  causes  a  rapid  splitting  of  fats  immediately,  pro- 
vided dilute  acid  has  been  added. 

Energetic  splitting  of  the  fat  depends  upon  both  the  quality 
and  the  quantity  of  the  seed  employed.     When  the  quantity  of 
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seed  is  increased,  the  hydrolysis  becomes  more  energetic,  but 
the  intensity  of  the  reaction  is  by  no  means  proportional  to  the 
quantity  of  seed  used ;  in  fact  small  quantities  of  seed  have  a  rela- 
tively more  energetic  action  than  larger  quantities. 

The  fat  itself  also  exerts  an  influence  upon  the  hydrolysis. 
The  splitting  of  various  commercial  oils  does  not  proceed  w^ith 
uniform  ease  and  intensity.  Butter  fat  is  very  refractory  toward 
the  lipase.  This  is  probably  due  to  the  esters  of  lower  fatty  acids 
which  occur  in  this  fat.  Experiments  upon  triacetin,  tributyrin 
and  triolein  showed  increasing  hydrolysis  with  increasing  molec- 
ular weight,  but  an  energetic  splitting  occurred  only  in  the  case 
of  the  triolein,  for  the  quantity  of  acid  liberated  from  triacetin 
was  exceedingly  slight,  while  that  set  free  from  tributyrin  was 
rather  small.  In  these  experiments,  also,  it  was  observed  that 
the  slow  initial  rate  of  hydrolysis  became  greater  after  some  time 
had  passed  or  after  a  dilute  acid  had  been  added.  By  studying 
the  action  of  the  enzyme  upon  ethyl  acetate,  isobutyl  acetate,  amyl 
acetate,  ethyl  sulphate,  amyl  nitrate  and  benzyl  benzoate,  it  was 
found  that  esters  of  acetic  acid  and  of  mineral  and  aromatic  acids 
are  split  but  slightly.  On  the  other  hand,  neutral  methyl  oleate 
was  attacked  quite  energetically  by  the  lipase,  although  the  liber- 
ated methyl  alcohol  has  a  harmful  effect  upon  the  enzyme. 

Various  factors  influence  the  hydrolysis.  At  least  threefold 
the  theoretic  quantity  of  water  should  be  present ;  greater  quanti- 
ties appear  to  be  of  little  use  but  usually  do  not  exert  a  harmful 
influence.  Sulphuric,  phosphoric  and  acetic  acids,  sodium  acid 
sulphate  and  possibly  many  other  substances,  which  have  an  acid 
reaction  and  are  soluble  in  water,  cause  the  hydrolysis  to  be  rapid 
from  the  very  beginning.  The  optimum  concentration  of  all  the 
acids  investigated  lay  between  £  and  j  .  While  acids,  which 
are  not  soluble  in  water,  may  be  used,  far  greater  quantities  of 
such  acids  must  be  applied.  The  function  of  the  acid  is  scarcely 
to  render  active  a  zymogen,  for  if  the  seeds  be  treated  with  acid 
and  the  latter  be  removed,  the  seeds  possess  ver}^  slight  initial 
lipolytic  power  in  neutral  solution  and  acid  must  again  be  added 
to  produce  the  strong  initial  hydrolytic  power.  A  good  emulsion 
is  essential  for  hydrolysis ;  one  part  of  seed  is  capable  of  emulsi- 
fying about  100  parts  of  fat.  An  almost  permanent  emulsion 
may  be  produced  by  grinding  the  fat  intimately  with  either  the 
raw  or  oil-free  seed  and  then  mixing  with  the  acidified  water. 
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Emulsification  of  the  seed  and  subsequent  addition  of  the  fat 
gives  rise  to  a  poor  emulsion  and  consequently  an  incomplete 
hydrolysis. 

The  temperature  also  plays  a  role.  The  reaction  apparently 
occurs  more  rapidly  and  intensively  at  a  moderately  elevated 
temperature  than  at  lower  temperatures.  The  increase  in  lipo- 
lytic power,  w^hich  develops  on  standing-  w^hen  no  acid  has  been 
added  to  the  emulsion,  likeW'ise  takes  place  sooner  at  a  moderately 
higher  temperature.  Higher  temperatures  destroy  the  emulsion 
of  liquid  fats,  but  exert  a  beneficial  effect  upon  the  emulsions  of 
solid  fats.  It  is  not  prudent  to  pass  above  40°  ;  at  50°  the  hydro- 
lysis has  been  retarded,  and  a  temperature  of  100°  immediately 
stops  the  reaction.  Time  also  plays  a  part.  Although  the  reac- 
tion sets  in  with  extraordinary  velocity  and  intensity,  yet  a  cer- 
tain period  of  time  is  required  for  hydrolysis.  The  intensity  of 
the  reaction  decreases  gradually ;  but  even  after  the  emulsion  has 
stood  for  days,  a  gradual  but  continuous  increase  in  free  acid 
occurs.  The  action  of  the  lipase  may  be  retarded  or  prevented 
by  harmful  admixtures  such  as  alcohol,  alkalies,  soap,  formalde- 
hyde, sodium  fluoride  and  mercuric  chloride.  The  enzyme  is 
indifferent  to  the  presence  in  moderate  concentration  of  many 
inorganic  salts, — for  instance,  the  sulphates  of  iron,  manganese, 
magnesium,  sodium  and  ammonium,  sodium  chloride,  and 
ammonium  persulphate. 

Liidy  ^*^  noticed  that  the  tissues  of  the  liver  and  pancreas 
possess  power  to  produce  extensive  hydrolysis  of  neutral  and 
artificial  fats,  phenyl  esters  and  acid  anhydrides.  IMuscle  tissues 
according  to  Liidy  split  neutral  fats  to  but  a  slight  extent,  and 
do  not  even  attack  tribenzoisin,  but  are  able  to  hydrolyze  phenyl 
esters  and  acid  anhydrides. 

Kastle  and  Loevenhart  ^"  have  found  a  lipase  in  the  pancreas,- 
kidney,  liver,  submaxillary  gland  and  gastric  and  intestinal 
mucosa  of  the  pig,  and  in  the  liver  of  sheep,  beef,  duck  and 
chicken.  The  enzyme  is  very  stable;  after  a  pig  pancreas  had 
been  in  cold  storage  for  seven  days  it  retained  60  per  cent,  of  its 
power  to  hydrolyze  ethyl  butyrate.  A  dry,  fat-free  pancreas 
retained  its  lipolytic  power  in  almost  full  strength  for  seven 
weeks.  Even  a  putrefying  pancreas  still  possessed  power  to 
split  the  ester  to  a  slight  extent.  Aqueous  extracts  of  liver  and 
pancreas  of  the  hog  do  not  lose  their  power  for  several  days. 
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while  glycerol  extracts  are  still  active  after  several  weeks.  After 
studying  the  influence  of  about  twenty  of  the  commoner  anti- 
septics upon  lipase,  the  conclusion  was  drawn  that  by  far  the 
greater  number  of  them  act  in  a  manner  harmful  to  the  enzyme ; 
this  is  especially  true  of  sodium  fluoride,  hydrofluoric  acid  and 
acids  in  general.  A  0.3  per  cent,  solution  of  hydrochloric  acid 
permanently  destroys  the  lipase. 

In  the  extraction  of  the  enzyme  from  the  tissues,  if  the  ex- 
tract be  filtered  through  paper,  the  filtrate  has  far  less  lipolytic 
power  than  is  possessed  by  the  filtrate  obtained  by  merely  strain- 
ing the  extract  through  linen  or  cotton  cloth.  Repeated  filtration 
at  ordinary  temperatures  almost  completely  removes  the  enzyme 
from  solution. 

Ethyl  butyrate,  which  is  somewhat  soluble  in  water,  was 
found  to  be  a  reagent  admirably  suited  for  use  in  the  study  of 
lipolytic  enzymes.  The  animal  varieties  of  lipase  are  able  not 
only  to  hydrolyze  this  ester  but  also  to  synthesize  it  from  butyric 
acid  and  alcohol ;  in  other  words,  the  reaction  which  is  produced 
by  animal  lipase  is  a  reversible  reaction.  The  synthesized 
butyric  ester,  when  formed  in  small  quantities,  was  detected  by 
its  odor.  When  the  experiment  was  carried  out  on  a  larger 
scale,  and  more  ester  was  fonned,  the  latter  was  removed  from 
the  reaction-mixture  by  distillation;  the  first  fraction  of  the 
distillate  contained  the  ester. 

The  optimum  temperature  of  the  enzyme  is  40°  C,  at  65°  to 
70°  C.  the  lipase  is  destroyed.  From  experiments  on  the  ethyl 
ester  of  each  of  the  acids — formic,  acetic,  propionic  and  butyric — 
which  form  an  homologous  series,  it  was  discovered  that  the 
higher  the  molecular  weight  of  the  acid,  the  more  readily  its  ethyl 
ester  is  hydrolyzed  by  lipase.  On  the  other  hand,  the  stability 
of  the  ethyl  ester  of  a  fatty  acid  toward  normal  hydrochloric 
acid  increases  with  the  molecular  weight  of  the  fatty  acid.  The 
velocity  of  the  hydrolysis  of  ethyl  butyrate  increases  in  almost 
direct  proportion  to  the  concentration  of  the  lipase,  but  the 
velocity  is  not  proportionate  to  the  active  mass  of  either  butyric 
or  acetic  ester.  At  all  ordinary  concentrations  of  both  the 
enzyme  and  the  ester,  the  hydrolysis  is  incomplete.  However, 
the  reaction  approaches  completion  when  very  small  quantities 
of  ester  are  used,  or  when  the  lipase  in  itself  is  especially  ener- 
getic, or  when  the  lipase  solution  is  exceedingly  concentrated. 
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Loevenhart  ^^  has  found  lipase  in  a  number  of  organs  of 
various  animals.  In  the  dog  it  occurs  in  the  pancreas,  kidney, 
lung,  brain,  adrenal  gland,  liver,  lymph,  lymphatic  glands  and 
active  mammary  gland.  In  the  pig  it  is  found  in  the  pancreas, 
kidney,  liver,  intestinal  mucosa  and  subcutaneous  fat.  The 
enzyme  is  present  in  the  liver  and  heart  muscle  of  man  and  in  the 
blood  of  the  cat.  It  is  also  present  in  somatic  muscle  and  in  the 
spleen.  The  most  notable  occurrences  of  lipase  were  in  the  liver, 
active  mammary  gland,  blood,  lymph  and  intestinal  mucosa. 
Special  interest  attaches  to  the  fact  that  lipase  was  found  in 
considerable  quantities  wherever  synthesis  of  fat  is  known  to 
take  place  as  in  the  active  mammary  gland  and  subcutaneous 
fat.  Lipogenesis  is  defined  as  the  storage  and  translocation  of 
fat  in  the  body ;  both  phases  of  lipogenesis  may  be  brought  about 
by  lipase  which  is  able  to  split  fats  or  to  form  them  according 
to  the  prevailing  conditions. 

Lipase  solutions  were  prepared  from  liver  and  from  pancreas 
of  such  strength  that  the  solution  derived  from  each  organ  hydro- 
lyzed  the  same  quantity  of  ethyl  butyrate  in  the  same  period  of 
time — 15  minutes.  The  solution  prepared  from  each  organ  was 
permitted  to  act  upon  the  ester  until  the  limit  of  hydrolysis  was 
reached  in  each  case.  When  each  reaction  had  reached  its  limit, 
it  was  found  that  the  liver  lipase  had  split  almost  twice  as  much 
ester  as  the  pancreatic  lipase.  When  lipase  was  allowed  to  act 
upon  butyric  ester  until  the  reaction  had  reached  its  limit,  in  the 
presence  of  large  amounts  of  the  enzyme,  the  quantity  of  fester 
hydrolyzed  was  proportionate  to  the  amount  of  enzyme  present; 
with  smaller  amounts  of  enzyme,  the  hydrolysis  was  relatively 
more  energetic  than  when  larger  amounts  of  lipase  were  em- 
ployed. The  quantity  of  butyric  ester  split  by  lipase,  when  the 
reaction  had  been  permitted  to  reach  its  limit,  was  largely  inde- 
pendent of  the  excess  of  ester  which  was  present. 

Kastle  ^^  describes  certain  experiments  upon  which  he  was 
able  to  base  a  theory  concerning  the  manner  in  which  lipase 
hydrolyzes  esters  and  glycerides.  Although  lipase  split  diethyl 
succinate,  diethyl  fumarate,  diethyl  oxalate,  and  diethyl  phtha  ate, 
the  enzyme  absolutely  failed  to  produce  hydrolysis  of  sodium 
ethyl  succinate,  sodium  ethyl  fumarate,  potassium  ethyl  oxalate, 
barium  ethyl  phthalate,  potassium  ethyl  phthalate.  barium  ethyl 
sulphate,   potassium  ethyl   sulphate,  barium   ethyl   p-sulphoben- 
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zoate,  barium  ethyl  j>-nitrososulphobenzoate,  potassium  ethyl  p- 
nitrososulphobenzoate.  Lipase  retarded  the  hydrolysis  by 
water  of  diethyl  p-nitrososulphobenzoate,  the  action  of  the  enzyme 
upon  diesters  of  sulphuric  and  p-sulphobenzoic  acids  has  not  yet 
been  studied.  These  salts  of  ester  acids  do  not  act  as  poisons 
toward  the  lipase ;  for,  if  the  salt  of  an  ester  acid,  ethyl  butyrate 
and  lipase  solution  be  mixed,  the  butyric  ether  is  hydrolyzed  by 
the  lipase.  Moreover,  when  the  salt  of  an  ester  acid  is  mixed 
with  lipase  solution,  and  the  mixture  is  permitted  to  stand  for 
24  hours,  or  longer,  the  lipase  retains  its  power  to  split  any  ethyl 
butyrate  which  is  added  at  the  end  of  that  period.  However, 
lipase  produced  hydrolysis  of  ethyl  p-sulphaminebenzoate  and  of 
ethyl  oxamate.  In  these  experiments  the  animal  variety  of  lipase 
was  used. 

Kastle  assimies  that  the  lipase  enzyme  combines  with  the 
molecule  of  the  ester  and  then  produces  hydrolysis.  The  salts 
of  ester  acids  are  electrolytes  and  hence  are  ionized ;  the  enzyme 
cannot  combine  with  an  ion  and,  therefore,  does  not  split  such 
compounds. 

He  states  that  animal  lipase  produces  hydrolysis  of  methyl 
butyrate ;  ethyl  formate,  acetate,  propionate,  butyrate,  isobutyrate 
and  benzoate ;  amyl  acetate  and  butyrate ;  and  diethyl  tartrate. 

Lewkowitsch  *^  tested  the  lipolytic  power  of  the  lipase  of 
pig's  liver  upon  cotton  seed  oil,  but  was  unable  to  obtain  an 
hydrolysis  exceeding  3  per  cent. ;  possibly  his  failure  was  due  to 
the  lack  of  a  complete  and  permanent  emulsion. 

Kastle,  Johnston  and  Elvove  ^^  have  succeeded  in  preparing 
clear  solutions  of  lipase.  They  obtained  the  best  results  by  the 
following  procedure.  One  gramme  of  fresh  hog  liver  was 
macerated  with  coarse  white  sand  or  powdered  glass,  and  mixed 
with  75  c.c.  of  water  which  was  then  heated  to  35°  C.  Five  c.c. 
of  ^  butyric  acid  were  added  gradually,  the  solution  was  made 
up  to  100  c.c,  and  the  heavy  precipitate  which  had  formed  was 
removed  by  filtration  through  a  folded  filter.  The  filtrate  was 
always  perfectly  clear  and  was  usually  tinted  slightly  yellow, 
although  frequently  it  was  colorless.  Clear  solutions  were  also 
obtained  by  means  of  ^  hydrochloric  acid. 

The  precipitate  which  remained  upon  the  filter  contained 
lipase;  treatment  of  the  precipitate  with  0.2  per  cent,  sodium 
carbonate  solution  and  subsequent  filtration  produced  a  clear, 
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very  active  solution  of  lipase.  However,  when  sodium  car- 
bonate solutions  of  lipase  are  used  in  studying  the  hydrolysis  of 
ethyl  butyrate — this  ester  was  used  during  the  research — the  lib- 
erated butyric  acid  produces  a  heavy  coagulum  of  protein  during 
the  hydrolysis. 

During  a  period  of  15  minutes  the  lipase,  which  was  present 
in  a  clear  solution  prepared  by  means  of  hydrochloric  acid,  had 
hydrolyzed  at  the  very  least  twice  its  own  weight  of  butyric  ester. 
During  the  same  period  the  lipase,  which  was  contained  in  a 
clear  solution  prepared  by  means  of  butyric  acid,  had  split  at 
lea-st  thrice  its  own  weight  of  ethyl  butyrate.  The  latter  solution 
in  a  period  of  89^^  hours  had  produced  hydrolysis  of  60  times 
its  own  weight  of  butyric  ester,  and  was  still  active ;  the  liber- 
ated fatty  acids  had  been  neutralized  with  standard  alkali  at 
intervals  during  the  hydrolysis. 

The  clear  solutions  of  lipase  may  be  kept  for  weeks,  and  even 
months,  without  marked  decrease  in  lipolytic  power.  The  small 
quantity  of  acid  seems  to  protect  the  solution  from  putrefaction ; 
larger  quantities  of  acid  destroy  the  enzyme  completely.  The 
clear  solutions  may  be  filtered  repeatedly  through  filter  paper 
without  loss  in  activity.  However,  filtration  through  a  Pasteur 
Chamberland  filter  completely  removes  the  lipase  from  even  its 
clear  solutions. 

The  hydrolysis  of  ethyl  butyrate  by  lipase  was  found  to  be  a 
monomolecular  reaction.  From  experiments  made  at  intervals 
of  10°  C.  from  0°  to  40°  C,  the  mean  ratio  of  the  velocity  of 
hydrolysis  at  a  higher  temperature  to  that  at  the  next  lower 
temperature  was  found  to  be  1.69. 

The  enzyme  suffers  no  permanent  alteration  while  effecting 
the  hydrolysis  of  an  ester,  but  retains  its  complete  activity  regard- 
less of  the  amount  of  substance  that  it  has  previously  hydrolyzed. 
The  quantity  of  ethyl  butyrate  split  by  lipase  is,  within  certain 
limits,  independent  of  the  concentration  of  the  ester;  the  hydro- 
lysis is  slightly  greater  in  more  dilute  solutions,  because  in  more 
concentrated  solutions  of  the  ester,  the  liberated  acid  has  a  greater 
concentration  and  hence  inhibits  the  enzyme  to  a  greater  extent 
than  in  more  dilute  solutions.  In  dilute  solutions  of  butyric  ester, 
the  hydrolysis  produced  by  lipase  bears  a  far  greater  resemblance 
to  the  hydrolysis  caused  by  dilute  sodium  hydrate  than  to  that 
produced  by  dilute  hydrochloric  acid,  when  enzyme,  acid  and 
alkali  are  all  acting  under  the  same  conditions. 
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Magnus  ^^  prepared  lipase  solution  from  liver  by  the  process 
of  Rosell.  Liver  juice  was  treated  with  an  excess  of  saturated 
solution  of  uranyl  acetate,  and  sodium  phosphate  and  carbonate 
were  immediately  added  to  precipitate  the  excess  of  uranium. 
After  the  supernatant  liquid  had  been  removed  by  filtration,  the 
precipitate,  which  contained  protein,  lipase,  and  uranyl  com- 
poimds,  was  permitted  to  stand  for  20  hours  in  contact  with  0.9 
per  cent,  sodium  chloride  solution ;  the  solution  was  then  filtered. 
The  filtrate,  which  contained  lipase,  was  made  neutral  to  litmus 
and  was  preserved  beneath  toluol.  In  his  experiments,  Magnus 
used  absolutely  neutral  amyl  salicylate;  the  lipase  liberated 
salicylic  acid,  which  was  recovered,  and  identified  and  deter- 
mined colorimetrically  by  means  of  ferric  chloride. 

When  the  lipase  solution  was  subjected  to  dialysis  in  order 
to  remove  non-colloidal  impurities,  the  solution  within  the 
dialyzer  lost  the  power  of  splitting  amyl  salicylate,  and  failed  to 
recover  that  power  when  the  sodium  chloride  content  was  restored 
to  0.9  per  cent.  However,  the  lipolytic  activity  returned  immedi- 
ately, when  several  cubic  centimetres  of  boiled  liver  juice  were 
added  to  the  solution  of  inactive  lipase.  Another  portion  of  the 
lipase  solution  was  dialyzed  for  a  period  of  four  days,  during 
w^hich  the  water  without  the  dialyzer  w^as  changed  twice;  these 
dialysates  were  united  and  investigated.  The  dialysis  was  con- 
tinued in  running  water  until  the  dialyzer  no  longer  contained  an 
active  lipase,  but  only  the  inactive  enzyme. 

The  dialysates,  obtained  during  the  period  of  four  days,  were 
evaporated  to  dryness;  the  residue  was  exhausted  with  absolute 
alcohol,  which  was  then  evaporated.  The  alcohol-extract  was 
treated  with  ether;  the  portion  insoluble  in  ether  was  dissolved 
in  water  and  the  solution  was  neutralized.  This  solution  con- 
tained a  coferment. 

Neither  the  inactive  lipase  nor  the  coferment  was  able  to 
hydrolyze  amyl  salicylate ;  however,  the  ester  was  split  by  a 
mixture  of  the  solutions  of  the  inactive  lipase  and  of  the  cofer- 
ment. The  cofei-ment  is  not  altered  by  boiling  its  solution,  but 
is  decomposed  by  reduction  to  ash,  hence  is  not  an  inorganic  body 
which  is  permanent  at  a  glowing  heat. 

Loevenhart  *^  found  that  the  addition  of  ble  salts  to  a 
dialyzed  hepatic  lipase  solution,  which  had  been  prepared  by  the 
method   of   Magnus   and   was   inactive   toward   amyl    salicylate, 
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caused  the  enzyme  to  regain  its  activity  toward  that  ester.  How- 
ever, the  dialyzed  lipase  solution  retained  its  power  to  hydrolyze 
ethyl  butyrate,  and  this  action  was  not  accelerated  by  the  addition 
of  bile  salts.  Therefore,  the  bile  salts  are  really  a  co ferment 
but  only  with  respect  to  amyl  salicylate ;  Loevenhart  suggests 
that  possibly  the  function  of  the  bile  salts  is  to  render  more 
soluble  the  amyl  salicylate,  which  is  a  very  insoluble  ester. 

Loevenhart  and  Pierce  '^^  have  studied  the  inhibiting-  effect 
of  sodium  fluoride  upon  the  hydrolysis  produced  b}'  hepatic  and 
pancreatic  lipase.  They  used  ethyl  acetate,  ethyl  butyrate,  diace- 
tin,  triacetin,  and  olive  oil.  The  inhibition  of  the  enzyme  action 
produced  by  the  same  quantity  of  fluoride  became  less  as  the 
molecular  weight  of  the  fatty  acid  increased.  The  alcohol  radical 
apparently  plays  no  part  in  the  inhibition,  since  hydrolysis  of 
esters  of  the  same  acid  with  different  alcohols  is  inhibited  by  the 
same  quantity  of  fluoride  to  the  same  extent. 

The  lipase  is  not  destroyed  by  sodium  fluoride.  With  the 
same  quantity  of  lipase,  the  inhibition  of  the  enzyme-action  in- 
creases with  the  concentration  of  the  fluoride;  w^ith  the  same 
quantity  of  fluoride,  the  inhibition  decreases  with  the  concentra- 
tion of  the  lipase. 

Loevenhart  and  Pierce  offer  the  following  explanation  of  the 
inhibiting  action  of  the  fluoride.  The  fluoride  reacts  with  an 
intermediate  compound,  which  is  formed  in  the  action  of  the 
enzyme  upon  the  ester,  and  increases  the  stability  of  this  inter- 
mediate compound,  thus  retarding  the  hydrolysis. 

Amberg  and  Loevenhart  '^^  investigated  the  inhibition  pro- 
duced by  sodium  fluoride  in  the  hydrolysis  by  hepatic  lipase  of 
the  ethyl  esters  of  acetic,  propionic,  butyric  and  valeric  acids 
and  of  the  methyl  esters  of  caprylic  and  lauric  acids.  They  also 
found  that  the  inhibition  of  the  ester-splitting  decreases  as  the 
molecular  weight  of  the  fatty  acid  increases.  The  equilibrium 
point  in  the  reaction  is  not  shifted  by  the  fluoride ;  the  production 
of  the  equilibrium  is  merely  retarded.  Fluorides  exert  an  inhibit- 
ing influence  at  dilutions  at  which  other  inhibitants  of  the  lipase 
have  lost  their  inhibiting  power.  Amberg  and  Loevenhart  have 
based  a  method  for  the  detection  of  fluorides  in  foods  upon  the 
inhibition  by  these  salts  of  the  hydrolysis  of  butyric  ester  by 
hepatic  lipase. 

Saxl  *^  made  a  study  of  the  splitting  of  neutral  fats,  mono- 
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acetin,  monobutyrin,  ethyl  butyrate  and  amyl  salicylate  by  the 
lipase  of  various  organs,  fat  tissue  and  muscle  tissue  of  the  dog, 
rabbit  and  swine.  The  fine  suspension  of  the  organ  or  tissue  in 
physiological  salt  solution  was  ordinarily  used,  with  the  applica- 
tion of  toluol  as  an  antiseptic.  At  the  end  of  each  experiment, 
before  titration  of  the  liberated  acid,  the  protein  was  coagulated 
by  heat  and  removed  from  the  solution  by  filtration,  so  that  it 
could  not  influence  the  titration.  The  lipolytic  power  of  the 
muscles  and  of  the  blood-serum  was  found  to  be  less  than  that  of 
the  other  organs.  Saxl  states  that  neutral  fat,  contained  in  the 
organs  or  added  to  them,  undergoes  a  splitting  to  only  a  very 
slight  degree  during  the  post-mortem  autolysis,  provided  bacterial 
action  be  excluded.  Butter-fat  w-as  split  to  a  slight  extent  by 
finely  divided  lung  and  liver,  in  from  one  to  three  days  at  body 
temperature. 

Monoacetin,  monobutyrin  and  ethyl  butyrate,  when  added  to 
the  finely  divided  organs,  were  split  by  the  latter  to  a  very  slight 
but  measurable  extent,  in  one  hour  at  body  temperature.  When 
the  organs  were  allowed  to  act  upon  the  esters  for  a  period  of 
24  to  48  hours,  a  strong  increase  in  acidity  was  shown  by  the 
titration.  This  high  acidity,  how^ever,  was  due  not  only  to  the 
hydrolysis  of  the  ester,  which  had  been  used,  but  also  to  the  acid 
formed  during  the  autolysis.  The  autolysis  experiences  a  consid- 
erable rise  through  the  appearance  of  slight  quantities  of  acid. 
Amyl  salicylate  was  hydrolysed  by  nearly  all  the  organs  investi- 
gated, with  the  exception  of  the  muscles.  The  conclusion  is 
reached  that  none  of  the  previously  recommended  methods 
affords  a  quantitative  study  of  the  ester-splitting,  since  the  values 
obtained  either  are  so  slight  on  the  short  periods  of  digestion 
that  they  scarcely  lie  beyond  the  limit  of  error,  or,  on  longer 
periods  of  digestion,  are  obscured  by  the  sources  of  error  which 
are  connected  with  the  methods  of  determination. 

Dieterich  *'''  has  made  an  interesting  study  of  the  changes 
which  occur  in  swine-fat  and  beef-tallow  before  they  are  ren- 
dered. When  the  fat  of  an  animal,  be  it  cattle,  sheep  or  swine, 
is  removed,  it  must  be  spread  out  and  permitted  to  cool  in  a  cool 
room.  If  this  procedure  is  not  followed,  or  if  the  rough  fat  lies 
in  deep  layers,  spontaneous  heating  occurs,  which  changes  the 
color  of  the  fat  and  produces  an  odor  of  putrefaction.  When 
such  a  spontaneously  heated  fat  is  rendered,  the  product  differs 


442  Joseph  Samuel  Hepburn. 

from  the  normal  fat  not  only  in  color  and  odor  but  also  in 
consistency ;  it  separates  into  a  liquid  portion  and  a  solid,  gener- 
ally granular  part.  Dieterich  removed  the  fat  from  freshly 
slaughtered  cattle  and  swine,  rendered  a  portion  immediately 
and  determined  upon  the  product  the  values  of  the  fat  constants. 
The  remainder  of  the  crude  fat  was  stored  for  periods  of  8  and  14 
days  at  room  temperature  (15°  to  17°  C.)  and  at  a  temperature 
of  30°  to  35°  C.  At  the  end  of  each  period,  specimens  which 
had  been  kept  at  each  temperature  w^ere  rendered,  and  the  fat 
was  used  for  the  determination  of  the  values  of  the  fat  constants. 
Experiments  were  made  upon  the  kidney  fat  of  cattle,  the  leaf 
fat  and  the  bacon  fat  of  swine. 

The  most  striking  change  during  storage  was  the  increase 
in  the  acid  value ;  the  change  was  progressive.  More  free  fatty 
acid  formed  during  the  same  period  of  time  at  35°  than  at  15° 
to  17°.  The  higher  temperature  produced  the  greatest  split- 
ting in  the  case  of  the  cattle  tallow.  The  swine  fats  gave  rise 
to  a  greater  stench  than  did  the  cattle  fat.  The  refractive  index 
of  the  fats  and  their  fatty  acids  showed  a  tendency  to  decrease 
as  the  acidity  increased.  The  specific  gravity  of  the  fats  re- 
mained unchanged,  while  that  of  the  fatty  acids  changed  but 
little.  The  Reichert-Meissl  number  oscillated ;  the  iodine  num- 
ber and  melting  and  freezing  points  of  the  fats  and  of  their 
fatty  acids  underwent  very  slight  changes.  The  conclusion  is 
reached  that  a  fat  is  exposed  to  the  greatest  changes  before 
rendering  and  not  after  rendering. 

Work  similar  to  that  of  Dieterich  has  been  done  by  Pastro- 
vich.^^  He  isolated  the  membranes  which  envelop  raw  tallow, 
scraped  off  the  adhering  fat-particles,  wiped  ofif  any  blood  by 
means  of  moist  filter  paper,  dried  the  membranes  in  air,  and 
chopped  the  dry  product  to  a  fine  state  of  division. 

The  chopped  membrane  was  mixed  with  cotton  seed  oil 
which  contained  at  least  6  per  cent,  of  water — the  quantity  neces- 
sary for  hydrolysis.  The  mixture  was  kept  in  well-stoppered 
flasks,  in  the  dark,  at  35°  for  as  long  as  24  days;  the  flasks 
were  shaken  daily.  The  acidity  of  the  oil  became  greater  day 
by  day ;  a  mixture  of  10  grammes  of  membrane  and  100  grammes 
of  oil  was  hydrolyzed  to  a  greater  extent — in  the  same  time — 
than  was  a  mixture  of  5  grammes  of  membrane  and  100  grammes 
of  oil.     The  hydrolysis  of  the  latter  mixture  was  considerably 
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retarded  by  the  addition  of  2  c.c.  of  normal  sulphuric  acid;  the 
presence  of  i  c.c.  of  normal  potassium  hydroxide  retarded  the 
splitting-  for  the  first  few  days,  then  hydrolysis  proceeded  as 
usual. 

The  autohydrolysis  of  raw  tallow  from  the  marrow,  pouch, 
intestines,  and  kidneys  was  also  studied.  Each  variety  was  freed 
as  far  as  possible  from  blood,  put  through  a  fat-grinder,  and 
permitted  to  hydrolyze  spontaneously.  Usually,  though  not  in- 
variably, water  was  added  to  the  raw  tallow\  In  all  the  samples, 
fatty  acids  were  liberated ;  the  velocity  of  hydrolysis  was  greater 
in  the  olein-rich  than  in  the  olein-poor  specimens.  The  addition 
of  water  always  aided  the  splitting  of  the  fat ;  the  greatest  accel- 
eration of  the  hydrolysis  was  produced  by  the  addition  of  12  to  18 
per  cent,  of  water.  The  presence  of  a  small  quantity  of  ammonia 
or  of  potassium  hydroxide  hastened  the  splitting,  but  larger  quan- 
tities of  these  reagents  retarded  it.  Dilute  mineral  acids  also 
retarded  the  hydrolysis  as  did  2  per  cent,  solution  of  chloral 
hydrate,  while  2  per  cent,  solution  of  mercuric  chloride  almost 
stopped  the  reaction.  Certain  of  these  experiments  extended  over 
a  period  of  163  days. 

During  the  decomposition  the  odor  was  sourish  and  not  un- 
pleasant, and  frequently  recalled  that  of  fresh  cheese;  the  color 
was  that  of  the  raw  fat,  unless  ammonia  or  fixed  alkali  had  been 
added,  when  the  color  became  a  reddish  yellow.  At  the  begin- 
ning of  the  hydrolysis,  free  ammonia  was  evolved ;  the  decom- 
posed raw  tallows  always  contained  ammonitmi  soaps,  hence  were 
rendered  with  the  addition  of  a  few  drops  of  dilute  mineral  acid 
to  decompose  the  soaps.  Any  free  mineral  acid  was  washed 
out  of  the  rendered  fat  before  the  free  acids  of  the  latter  were 
titrated.  When  water  or  alkalies  had  been  added  to  the  raw 
tallow,  the  mineral  acid  liberated  formic  acid,  which  had  its 
origin  in  the  decomposition  of  the  proteins  of  the  membranes. 
The  velocity  coefficient  of  the  hydrolysis  could  not  be  deter- 
mined; i.e.,  gave  no  constant  values  for  the  individual  periods  of 
time.  The  reaction  itself  apparently  resembles  the  saponification 
of  amyl  acetate  by  amm.onia. 

Pastrovich  was  unable  to  isolate  an  enzyme  from  the  mem- 
branes, which  enveloped  the  raw  fat,  nor  from  the  fat  itself. 
From  the  fact  that  2  per  cent,  of  mercuric  chloride  almost  stopped 
the  hvdrolvsis,  it  was  concluded  that,  even  if  an  enzvme  were 
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present,  its  quantity  must  be  very  slight.  Therefore,  enzyme 
action  was  excluded,  and  organisms  were  considered  as  the  cause 
of  the  hydrolysis.  Aerobic  microbes  decompose  the  protein  of 
the  membranes  with  liberation  of  ammonia,  which  saponifies  the 
fat.  The  proteins  cannot  furnish  sufficient  ammonia  to  hydro- 
lyze  the  fat  on  the  scale  with  which  hydrolysis  occurs.  However, 
ammonium  soaps  are  exceedingly  labile  compounds  and  readily 
part  with  their  ammonia.  Catalyzers — either  the  organisms 
themselves  or  certain  decomposition  products  of  the  proteins — 
liberate  ammonia  from  these  soaps ;  the  nascent  ammonia  is  more 
reactive  toward  fats  than  is  ordinary  ammonia,  and  hence  saponi- 
fies the  fat.  The  process  of  catalysis  and  saponification  is  re- 
peated indefinitely,  and  therefore  a  small  quantity  of  ammonia 
may  produce  hydrolysis  of  a  large  quantity  of  neutral  fat  with 
the  liberation  of  fatty  acids. 

The  solutions,  which  remain  upon  rendering  the  decomposed 
fat,  are  slightly  acid  and  contain  the  glycerol  produced  by  the 
hydrolysis.  Whether  the  glycerol  is  present  in  the  solutions  in 
its  entirety,  or  whether  a  portion  of  it  is  consumed  by  the 
microbes  or  otherwise  changed,  was  not  determined. 

Walker  ^^  has  investigated  the  changes  in  cocoanut  oil  both 
before  and  after  its  expression  from  the  copra.  He  states  that 
most  of  the  free  acid  with  the  accompanying  bad  odor  and  taste 
is  produced  in  the  copra  itself  before  the  expression  of  the  oil; 
for  instance,  the  oil  from  a  sample  of  copra,  which  had  been  cut 
into  fine  pieces  and  exposed  to  moist  air  for  one  month,  in- 
creased in  acidity  from  1.5  to  23.3  per  cent,  free  acid  as  oleic. 
Moulds,  chiefly  AspergiUi,  which  act  alone  or  in  symbiosis  with 
certain  micro-organisms,  first  hydrolyze  the  fat  then  further  de- 
compose it  within  the  copra.  The  conditions  most  favorable  for 
the  growth  of  moulds  are  a  moderately  high,  constant  tempera- 
ture and  a  content  of  about  9  to  17  per  cent,  water;  commercial 
copra  contains  9  to  12  per  cent,  water  as  a  rule,  hence  forms  an 
excellent  medium  for  moulds.  A  specimen  with  a  water  content 
of  4.76  per  cent,  contained  neither  moulds  nor  bacteria  and  the 
acidity  of  the  oil  did  not  increase;  however,  samples  containing 
from  23  to  50  per  cent,  of  water,  while  free  from  moulds,  were 
infested  by  bacteria  which  drew  their  nourishment  from  the  non- 
fatty  constituents  of  the  copra  and  which  liberated  but  a  small 
quantity  of  fatty  acid  from  the  oil. 
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While  raw  cocoanut  oil  does  not  form  a  suitable  medium  for 

organisms,  yet.  if  it  be  contaminated  by  water  and  nutrient  matter 
in  sufficient  quantities,  moulds  may  develop  and  rapidly  attack  the 
oil.  When  a  pure  oil,  to  which  i  per  cent,  of  water  and  i  per 
cent,  of  "  latic  "  had  been  added,  was  exposed  to  mould  action, 
for  one  week  in  an  incubator,  the  free  acid  as  oleic  rose  from  o.io 
per  cent,  to  8.63  per  cent.  To  prevent  rapid  deterioration  of 
cocoanut  oil.  Walker  recommends  drydng  of  the  copra  until  its 
water  content  is  not  over  5  per  cent.,  and  expression  of  the  oil 
as  soon  as  possible,  avoiding;  long  storage  in  a  warm,  moist 
atmosphere. 

Lewkowitsch  and  Macleod  ^°  made  a  study  of  the  hydrolysis 
of  fats  by  the  pancreatic  enzyme,  steapsin.  A  series  of  experi- 
ments was  made  upon  fresh  ox  pancreas  which  had  been  freed 
from  fat.  The  minced  organ  was  ground  with  water  in  a  mor- 
tar, and  incubated  for  20  hours  at  body  temperature,  after 
thymol  or  o.  i  per  cent,  mercuric  chloride  had  been  added.  The 
extract  was  then  filtered  through  paper.  The  hydrolyzing 
power  of  the  residue,  which  remained  upon  the  filter,  was  far 
greater  than  that  of  the  solution  itself;  apparently  filter  paper 
retains  the  enzyme.  The  following  test  for  steapsin  was  used; 
2  or  3  c.c.  of  the  extract  of  the  organ  were  shaken  with  a  few 
drops  of  filtered  butter  fat,  phenolphthalein  was  added,  and  '- 
sodium  hydroxide  was  added  until  the  solution  assumed  a  deep 
red  color.  The  solution  was  kept  at  37°  C.  for  one-half  hour, 
then  the  standard  alkali  was  added  until  the  deep  red  color  again 
appeared.  A  control  experiment  was  made  upon  the  boiled 
extract.  The  extract  of  ox  pancreas  did  not  produce  hydrolysis 
of  an  emulsion  of  cotton  seed  oil ;  its  failure  to  do  so  was  ascribed 
to  the  possible  action  of  trypsin  upon  the  steapsin. 

Minced  pig  pancreas  was  triturated  with  twice  its  bulk  of 
water  in  a  mortar,  and  filtered  through  muslin.  Loss  of  enzyme 
during  incubation  and  by  filtration  through  paper  was  thus 
avoided.  Measured  quantities  of  the  extract,  thus  prepared, 
were  triturated  with  100  grammes  of  cotton  seed  oil  or  of  lard 
until  a  complete  emulsion  was  obtained.  The  emulsion  was 
poured  into  bottles  which  were  well  corked  in  order  to  exclude 
the  growth  of  moulds.  Penicillimn  glaiicnm  developed  in  only 
a  few  of  the  samples  after  four  weeks  had  elapsed ;  most  of  the 
specimens  remained  free  from  infection  during  the  entire  experi- 
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ment,  which  extended  over  a  period  of  two  months.  The  bottles 
were  kept  at  the  ordinary  temperature.  Whenever  the  contents 
of  a  bottle  tended  to  separate  from  the  emulsified  state,  a  phe- 
nomenon which  occurred  especially  during  the  first  few  hours  of 
the  experiment,  the  emulsion  was  restored  by  shaking.  In  the 
experiments  with  cotton  seed  oil,  after  four  days  as  much  as 
37.1  per  cent,  free  acid  as  oleic  had  been  liberated;  after  11 
days  the  hydrolysis  set  free  as  much  as  46.4  per  cent.,  and  after 
56  days  the  greatest  quantity  of  free  acid  was  83.8  per  cent, 
and  86.7  per  cent. ;  neither  acid  nor  alkali  had  been  added  during 
these  experiments.  However,  the  addition  of  either  dilute  acid 
or  dilute  alkali  was  found  to  be  without  decisive  influence  upon 
the  hydrolysis.  An  outward  sign  of  the  hydrolysis  of  the  oil 
was  the  hardening  of  the  emulsion  by  the  liberated  fatty  acids. 

Steapsin  split  lard  at  a  far  slower  velocity  than  it  split  cotton 
seed  oil.  Although  it  was  found  that  steapsin  is  not  capable  of 
reversing  the  reaction  produced  by  it,  yet  it  was  proved  that  the 
enzyme  is  a  powerful  fat-splitting  ferment. 

Gillet  ^^  has  found  an  enzyme  in  human  milk  and  in  the  milk 
of  cows,  horses  and  asses.  It  produces  hydrolysis  of  mona- 
butyrin,  but  has  no  action  upon  monoacetin,  diacetin,  triacetin 
and  normal  neutral  fats ;  therefore,  Gillet  proposes  that  this 
enzyme  be  called  monobutyrinase  and  not  lipase.  The  enzyme 
is  not  capable  of  dialysis,  and  is  precipitated  by  alcohol  but  again 
dissolved  by  water. 

Euler  ^^  studied  the  relation  of  the  enzyme  catalase  to  the 
fats.  He  suggests  that  the  catalase  of  Boletus  scaber  may  bear 
some  relation  to  the  not  inconsiderable  fat  content  of  that  fungus. 
Very  pure  and  strong  catalase  solutions  were  prepared  from 
animal  fat-tissues — those  of  swine.  In  fact,  wherever  fat  is 
formed  or  is  decomposed,  catalase  is  found  in  particularly  strong 
concentration.  After  a  mixture  of  fresh  swine  fat  with  an 
equal  volume  of  water  had  stood  at  40°  C.  for  one  hour,  it  was 
cooled  to  35°  C.  and  filtered.  The  clear  filtrate  exerted  an  ex- 
ceedingly vigorous  hydrolyzing  action  upon  ethyl  butyrate.  Ex- 
tracts of  certain  seeds,  which  have  been  proved  to  contain  lipase, 
e.g.,  the  seeds  of  the  pumpkin  and  of  the  castor  oil  plant,  also 
produced  a  vigorous  decomposition  of  hydrogen  peroxide.  The 
parallelism  of  the  action  of  plant  and  animal  extracts  in  splitting 
fats  and  esters  and  in  splitting  hydrogen  peroxide  led  to  the  con- 
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elusion  that  the  property  of  the  decomposing  hydrogen  peroxide 
belongs  particularly  to  the  lipase  extracts. 

Loew  ^^  maintains  that  the  sole  function  of  catalase,  not  only 
in  tissues  which  contain  little  fat  but  also  in  those  which  are  rich 
in  fat,  is  to  decompose  the  hydrogen  peroxide  which  forms  dur- 
ing the  oxidation  of  all  tissues.  Moreover,  tissues  which  are 
poor  in  fat  may  be  rich  in  catalase  and  yet  entirely  lack  lipolytic 
power. 

Euler  ^■^  admits  that  tissues  which  are  poor  in  fat  may  be 
rich  in  catalase.  However,  he  points  out  that  the  intermediate 
formation  in  many  organs — for  example,  the  fat  tissues,  of 
hydrogen  peroxide  or  other  peroxides,  poisonous  to  the  animal 
system — has  never  been  proved,  although  such  compounds  may 
possibly  be  formed.  Euler  maintains  his  statement  that  lipolytic 
extracts  are  especially  rich  in  catalase. 

In  the  seeds  of  plants,  and  in  many  animal  tissues,  is  found 
an  enzyme — lipase — which  is  able  to  produce  hydrolysis  of  fats 
and  esters,  and,  according  to  Taylor,^^  of  lecithins.  In  the  case 
of  both  the  animal  and  vegetable  varieties  of  lipase  the  velocity 
of  hydrolysis  becomes  greater  as  the  molecular  weight  of  the 
ester  or  glyceride  increases.  Both  varieties  act  best  at  a  moder- 
ately elevated  temperature  and  are  destroyed  if  heated  to  too 
high  a  temperature ;  both  are  greatly  retarded  in  activity  by  cer- 
tain reagents,  for  instance,  by  sodium  fluoride.  The  animal  lipase 
not  only  can  hydrolyze  esters  but  also  can  synthesize  them  from 
acid  and  alcohol.  The  synthesis  of  triolein  by  means  of  a  vege- 
table lipase — that  of  the  castor  bean — has  been  accomplished 
by  Taylor. ^^  Lipase  may  produce  complete  hydrolysis  of  fats ; 
this  is  especially  true  of  the  vegetable  variety  of  the  enzyme. 
The  enzyme  steapsin  likewise  possesses  power  to  split  fats. 
Green  ^'  considers  steapsin,  pialyn  and  lipase  to  be  synonyms 
for  one  and  the  same  enzyme.  The  changes,  which  occur  in  fats 
and  oils  before  rendering  or  expression,  are  probably  due  to  the 
action  of  organisms,  their  enzymes  and  tissue  enzymes.  If  the 
enzyme  catalase  plays  a  role  in  the  chemistry  of  the  fats,  that 
role  is  at  present  but  little  understood. 

THE  ACTION  OF  ATMOSPHERIC  GASES  UPON  FATS  AND  OILS. 

With  the  exception  of  nitrogen,  the  gases  of  the  atmosphere 
produce  changes  in  oils  and  fats  which  are  exposed  to  their  in- 
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fluence.  The  action  of  each  of  the  gases, — oxygen,  ozone,  car- 
bon dioxide,  nitrogen,  hydrogen  and  also  water  vapor — has  been 
studied  by  various  investigators. 

Spaeth  ^^  quotes  Scherer  ^'^  who,  in  1795,  stated  that  fats, 
on  long  standing,  by  absorption  of  oxygen  from  the  air,  assume 
a  sharp,  biting  or  burning  taste,  and  become  rancid. 

Berthelot  ^^  exposed  various  synthetic  glycerides  to  the  action 
of  the  atmosphere  by  storing  them  in  poorly  stoppered  flasks. 
Oleins  became  acid  within  a  few  weeks ;  valeric  acid  was  liberated 
from  the  valerins ;  butyrins  were  split  rapidly  and  easily ;  acetins 
were  soon  hydrolyzed,  and  benzoic  acid  was,  in  time,  set  free 
from  the  benzoins.  Glycerides  and  esters  of  oleic  acid  and  of 
the  lower  fatty  acids  were  exposed  to  the  action  of  the  air  in  the 
dark  for  two  and  a  half  months  both  with  and  without  the  addi- 
tion of  brass  filings  which  served  as  a  catalyzer.  The  volume  of 
oxygen  absorbed  by  each  compound  was  determined.  Neither 
benzoic  ester,  monobenzoins  nor  butyrins  absorbed  an  appreciable 
amount  of  oxygen.  Acetic  ester  and  diacetins  absorbed  a  slight 
quantity  of  oxygen  which  became  somewhat  greater  in  the  pres- 
ence of  the  brass  filings.  The  absorptive  power  was  possessed 
to  only  a  slight  degree  by  valerins  in  a  moist  atmosphere  and  was 
increased  but  little  by  the  filings.  Natural  oleins,  of  all  the 
compounds  examined,  had  the  highest  absorptive  power  for 
oxygen,  absorbing  six  parts  of  oxygen  for  every  100  parts  of 
their  weight,  with  an  increase  to  eight  parts  per  100  upon  the 
addition  of  the  filings  or  lead  oxide.  Oleic  ester  failed  to  take 
up  as  much  oxygen  as  olein;  it  absorbed  but  one  part  in  100,  a 
ratio  which  became  somewhat  greater  in  the  presence  of  the 
filings. 

Certain  glycerides  and  esters,  e.g.,  those  of  butyric  and  ben- 
zoic acids,  became  acid  without  the  action  of  oxygen.  Berthelot 
decides  that  oxidation  depends  particularly  upon  the  acid  radical 
of  the  ester  or  glyceride.  Acid-formation,  however,  is  con- 
nected with  the  entire  molecule  of  the  fat  or  ester,  is  due  to  the 
splitting  into  free  acid  and  either  glycerol  or  alcohol,  and  requires 
the  presence  of  water  or  of  humidity.  This  liberation  of  fatty 
acid  by  moisture  or  humidity,  though  far  slower,  is  perfectly  anal- 
ogous to  the  hydrolysis  of  fats  and  esters  upon  heating  with 
comparatively  large  quantities  of  water.  The  spontaneous  for- 
mation of  free  fatty  acids  in  natural  fats  is  to  be  ascribed  to  the 
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slow  action  of  the  humidity.  Foreign  bodies  are  not  essential 
for  these  decompositions  but  accelerate  them. 

Kingzett  ^^  prepared  oleic  acid  from  beef  fat,  mutton  drip- 
ping and  cocoa  butter.  Five  grammes  of  each  sample  of  the 
acid  were  sealed  over  water  with  a  measured  quantity  of  air 
during  the  month  of  June.  All  three  samples  of  acid  failed  to 
absorb  any  oxygen  during  that  time. 

Duclaux  ^^  emphasizes  the  role  played  by  atmospheric  oxygen 
in  the  decomposition  of  oils  and  fats.  He  states  that  organisms 
are  unable  to  attack  fats  directly,  even  in  mixtures  of  fat,  protein 
and  carbohydrate,  although  they  thrive  upon  such  mixtures. 
However,  the  atmospheric  oxygen,  which  acts  in  both  sunlight 
and  darkness,  gradually  converts  insoluble  fats  into  a  chain  of 
soluble  compounds.  Cryptogams  utilize  these  soluble  products 
of  oxidation  as  food,  and  convert  them  into  carbon  dioxide  and 
water. 

Groger  ^^  made  an  investigation  covering  a  period  of  four 
years,  concerning  the  changes  in  tallow,  bone-fat  and  palm,  cocoa- 
nut,  cotton  seed  and  olive  kernel  oils.  After  the  acidity  of  each 
fat  or  oil  had  been  determined,  it  was  divided  into  four  portions, 
one  of  which  was  placed  in  a  tightly  stoppered  bottle.  A  second 
portion  was  emulsified  with  4  per  cent,  of  a  concentrated  albumin 
solution  and  was  transferred  to  a  tightly  stoppered  bottle.  A 
third  portion  was  absorbed  by  means  of  strips  of  dry,  fat-free 
filter  paper  which  were  then  stored  in  a  large  glass  vessel  with 
free  air  access.  A  fourth  portion  was  treated  exactly  like  the 
third  portion,  with  the  single  exception  that  the  filter  paper  had 
previously  been  saturated  with  a  10  per  cent,  albumin  solution 
and  then  permitted  to  dry. 

After  a  lapse  of  four  years  a  chemical  examination  of  the 
samples  vv-as  made.  Those  from  which  air  liad  been  excluded  by 
tightly  fitting  stoppers  had  increased  but  slightly  in  acidity, 
while  the  portions  emulsified  with  albumin  contained  more  free 
acid  than  the  stored  samples  of  pure  oil. 

Each  sample  of  fat  or  oil  was  recovered  from  the  strips  of 
filter  paper  by  means  of  ether ;  the  residue  obtained  by  evapora- 
tion of  the  ether  was  washed  several  times  with  boiling  water, 
and  the  acidity  of  the  oil  or  fat  was  determined.  In  the  case  of 
the  fats  recovered  from  the  plain  filter  paper,  cotton  seed  oil, 
cocoanut   oil   and   tallow  had   increase  1   in   acidity,   while   bone 
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fat,  palm  oil  and  olive  kernel  oil  had  decreased  in  acidity  since 
their  free  acids  had  been  oxidized  to  volatile  and  soluljle  acids. 
The  fats  recovered  from  the  albumin-impregnated  filter  paper 
were  changed  to  a  lesser  degree,  possibly  because  this  filter  paper 
was  less  porous  than  the  plain  variety.  The  mean  molecular 
weight  of  the  insoluble  fatty  acids  of  each  of  the  fats  and  oils, 
which  had  been  exposed  to  the  air,  had  decreased ;  hence  insolu- 
ble acids  of  lesser  carbon  content  had  been  formed  during  the 
oxidation.  Soluble  organic  acids  had  been  removed  from  the 
recovered  fats  and  oils  by  the  boiling  wash-water;  certain  of 
these  acids  crystallized  out  as  the  water  cooled;  the  mother 
liquor  still  contained  acids,  the  quantity  of  which  was  so  slight 
that  they  could  not  be  further  investigated. 

The  crystalline  acids  from  each  of  the  fats  and  oils  were 
converted  into  their  sodium  salts.  With  the  solutions  of  these 
salts,  silver  nitrate  produced  a  white,  flocculent  precipitate;  lead 
acetate  a  white,  pulverulent  precipitate ;  cupric  sulphate  a  bluish- 
green  precipitate,  and  ferric  chloride  a  flesh-colored  flocculent 
precipitate;  barium  chloride  did  not  form  a  precipitate.  The 
acids  distilled  apparently  undecomposed  when  heated  to  a  tem- 
perature above  300°.  From  these  chemical  and  physical  prop- 
erties, it  was  concluded  that  the  crystalline  acids  were  azelaic 
acid.  Moreover,  sufficient  crystalline  acids  were  obtained  from 
palm,  cotton  seed  and  olive  kernel  oils  for  elementary  analysis 
and  the  determination  of  the  melting  point  and  the  mean  molec- 
ular weight ;  the  acid  from  cotton  seed  oil  was  proved  to  consist 
entirely  of  azelaic  acid ;  the  acids  from  palm  and  olive  kernel  oils 
were  composed  chiefly  of  azelaic  acid  with  the  admixture  of  a 
slight  quantity  of  suberic  acid. 

Groger  was  unable  to  detect  free  glycerol  in  the  fats  and  oils 
which  had  been  exposed  to  the  action  of  the  atmosphere.  He 
concludes  that  the  glycerides  are  hydrolyzed  by  moisture,  the 
fatty  acids  and  the  glycerol  are  then  oxidized  simultaneously  by 
the  atmospheric  oxygen.  The  fatty  acids  are  thus  changed  into 
acids,  poorer  in  carbon  and  richer  in  oxygen,  belonging  partly 
to  the  fatty  and  partly  to  the  oxalic  series. 

Ritsert  ^*  sealed  in  glass  tubes  samples  of  moist  swine  fat  and 
samples  of  the  same  fat,  which  had  been  dried  for  three  hours  at 
140°  ;  the  seals  were  made  as  close  as  possible  to  the  fat  samples, 
without  burning  the  latter.     The  tubes  were  sterilized  by  repeated 


Changes  in  Fats  and  Oils.  451 

boiling  in  a  water  bath;  and  then  were  divided  into  four  sets 
which  were  kept  in  cHrect  sunHght,  in  diffuse  dayHght,  in  the 
dark  at  15°  and  in  the  dark  at  2i7° ■  After  the  lapse  of  8,  20, 
40  and  60  days,  a  tube  from  each  set  was  opened,  and  its  contents 
w^ere  examined  bacteriologically,  organoleptically  and  chemically. 
Both  aerobes  and  anaerobes  w^ere  practically  absent,  the  taste  and 
smell  remained  normal  and  the  acidity  did  not  change.  The 
samples  kept  in  direct  sunlight  for  60  days  had  assumed  a  granu- 
lar appearance  and  had  altered  slightly  in  taste;  these  changes 
were  possibly  due  to  the  separation  of  the  olein  from  the  palmitin 
and  stearin.  Samples  of  butter,  protected  from  the  air  by  sealing 
in  glass  tubes,  were  perfectly  fresh  after  they  had  been  exposed 
to  the  action  of  light  for  five  months.  Moist  swine  fat  was 
sterilized  in  cotton-stoppered  Erlenmeyer  flasks,  some  of  which 
had  been  painted  black.  All  the  flasks  were  then  exposed  to  the 
sunlight.  At  the  end  of  5,  20,  40  and  60  days,  the  contents  of 
an  ordinarv  flask  and  of  a  blackened  flask  were  examined  with 
respect  to  acidity,  taste  and  smell,  and  presence  of  organisms. 
Neither  aerobes  nor  anaerobes  were  found  in  any  of  the  flasks. 
The  acidity  of  the  fat  in  the  blackened  flasks  remained 
constant  and  its  odor  and  taste  were  always  those  of  a  fresh 
fat.  The  fat  in  the  ordinary  flasks  showed  a  progressive  in- 
crease in  acidity,  and  in  rancidity  as  measured  by  taste  and 
smell.  From  these  experiments  it  followed  that  rancidity  was 
produced  only  by  the  simultaneous  action  of  air  and  light, 
neither  of  which  by  itself  gave  rise  to  rancidity. 

The  absorption  of  various  gases  by  both  moist  and  dry  swine 
fat  was  also  studied.  A  100  gramme  sample  of  the  fat  was 
placed  in  a  400  c.c.  flask,  which  w^as  filled  wdth  the  proper  gas 
and  then  connected  with  a  vessel  of  mercury  by  means  of  a 
vertical  glass  tube  at  least  75  cm.  in  height.  As  the  gas  was 
absorbed,  the  mercury  rose  in  this  tube,  and  thus  gave  a  measure 
of  the  absorption.  Ordinary  flasks  were  used  in  studying  the 
influence  of  oxygen  and  of  carbon  dioxide  upon  both  dry  and 
moist  fat,  and  of  air,  nitrogen  and  hydrogen  upon  moist  fat. 
Blackened  flasks  were  used  when  oxygen,  carbon  dioxide  and  air 
were  permitted  to  act  upon  moist  fat.  In  the  experiments  upon 
dry  fat,  the  gases  were  also  dried.  All  the  flasks  w^ere  exposed 
to  the  light  at  a  window  facing  the  east,  for  a  period  of  30  days. 
The  height  of  the  mercurv  in  each  vertical  tube  w-as  read  daily  at 
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6  P.M.,  as  was  the  temperature  and  barometric  pressure.  At 
the  end  of  a  month,  no  hydrogen  or  nitrogen  had  been  absorbed ; 
and  no  air,  and  pra,ctically  no  oxygen,  had  been  absorbed  in  the 
blackened  flasks. 

In  descending  order  the  gases  were  absorbed  by  the  fat  as 
follows : 

Oxygen  by  dry  fat  in  ordinary  flask. 

Oxygen  by  moist  fat  in  ordinary  flask. 

Carbon  dioxide  by  dry  fat  in  ordinary  flask. 

Carbon  dioxide  by  moist  fat  in  ordinary  flask. 

Air  by  moist  fat  in  ordinary  flask. 

Carbon  dioxide  by  moist  fat  in  blackened  flask. 

Both  the  moist  and  dry  fat  in  the  ordinary  flasks,  which  were 
filled  with  oxygen,  and  also  the  moist  fat  in  the  ordinary  flask, 
w^hich  was  filled  with  air,  had  increased  in  acidity  and  had  be- 
come rancid  but  contained  no  organisms.  The  fats  which  had 
been  exposed  to  the  action  of  carbon  dioxide  had  increased  in 
acidity,  were  without  odor,  and  had  a  tallowy,  flat  taste.  The 
acidity  of  the  specimens,  which  had  been  kept  in  hydrogen  and 
nitrogen,  and  in  oxygen  and  air  in  the  blackened  flasks,  re- 
mained constant  and  rancidity  failed  to  develop.  Ritsert  con- 
cludes that  light  causes  oxygen,  which  is  without  action  upon 
fat  in  the  dark,  to  become  active  toward  fat  and  to  convert  fatty 
acids  into  oxy  acids  which  give  the  rancid  taste  and  odor  to  a 
rancid  fat.  Hence,  rancidity  is  a  process  of  direct  oxidation  by 
atmospheric  oxygen  in  the  presence  of  light ;  and  moisture  is  not 
a  necessary  factor  in  the  process. 

Ballantyne  ^°  exposed  olive,  rape,  castor,  peanut,  cotton  seed 
and  linseed  oils  to  the  air  and  direct  light  of  the  sun  for  six 
months  in  uncorked  bottles,  which  were  shaken  daily.  The 
cotton  seed  and  linseed  oils,  developed  free  acid  before  they  be- 
came rancid.  On  the  other  hand,  olive,  rape,  castor  and  arachis 
(peanut)  oils  became  rancid  before  their  acidity  increased.  The 
oils  bleached  rapidly,  castor,  rape,  arachis  and  linseed  oils  became 
only  faintly  yellow,  cotton  seed  oil  became  almost  perfectly  color- 
less, while  olive  oil  passed  from  a  yellowish-brown  through  a 
bright  pale  green  to  a  colorless  condition.  However,  it  is  stated 
that  all  olive  oils  do  not  bleach  with  equal  ease.  As  a  rule,  the 
specific  gravity  of  these  oils  increased,  while  their  iodine  number 
decreased.     All  the  exposed  oils  produced  a  greater  rise  in  teni- 
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peratiirc  in  the  Maumene  temperature  reaction,  and  a  lowering 
by  several  degrees  of  the  temperature  of  turbidity  in  the  Valenta 
test^  The  elaidin  test  was  impaired  in  the  case  of  the  olive  oil. 
Oils  which  were  exposed  to  the  direct  sunlight  with  exclusion 
of  air  were  bleached  but  litth.  The  color  of  oils,  stored  in  the 
dark,  remained  unchanged,  whether  air  was  admitted  to  these  oils 
or  excluded  from  them.  Therefore,  both  air  and  light  are  re- 
quired to  bleach  or  change  the  color  of  an  oil.  Rape  oil  was 
exposed  to  light,  with  exclusion  of  air,  for  nine  months,  then 
its  viscosity  was  compared  with  that  of  another  sample  of  the 
same  oil  which  had  been  stored  for  the  same  time  in  the  dark  in 
a  well-corked  bottle.  The  oil  which  had  been  exposed  to  the 
light  had  a  slightly  greater  viscosity. 

Fahrion  ^^  discusses  the  polymerization  of  oils.  He  states 
that  polymerization  occurs  spontaneously,  when  oils  have  stood 
for  some  time,  and  is  hastened  by  wanning.  The  phenomenon 
is  due  to  the  union  of  the  molecules  of  unsaturated  compounds 
(^■g->  glycerides  of  unsaturated  acids)  at  the  double  bonds,  and 
therefore,  causes  a  decrease  in  the  iodine  number  of  polymerized 
oils.  Oils  which  contain  a  large  quantity  of  unsaturated  acids, 
for  instance,  linseed,  poppy,  cotton  seed,  hemp  and  nut  oils,  as 
well  as  blubber,  are  able  to  polymerize.  \\'hen  air  has  access  to 
such  oils,  oxidation  may  also  occur. 

Fahrion  ^^  stored  a  sample  of  fish  oil  for  one  year  in  a  glass 
vessel ;  the  cork  stopper,  which  was  removed  at  frequent  intervals, 
was  not  air-tight.  The  specific  gravity  of  the  oil  increased,  the 
iodine  number  decreased  to  a  great  extent,  the  acidity  became 
greater  and  the  quantity  of  hydroxy  acids  showed  a  slight  in- 
crease. Fahrion  ascribes  the  changes  chieflv  to  a  pohinerization 
at  the  double  bond. 

The  absorption  of  oxygen  by  finely  divided  oils  was  studied 
by  Fahrion. •^^  He  soalced  pieces  of  chamois  leather  in  olive, 
sesame,  rape,  cotton  seed,  poppy,  nut,  linseed  and  cod  liver  oils, 
and  then  exposed  the  leather  to  the  air.  With  the  exception  of 
olive  oil,  each  of  the  oils  absorbed  oxygen  and  reached  a  maxi- 
mum gain  in  weight,  then  lost  in  weight.  Cod  liver  oil  first 
attained  the  maximum  gain  in  weight,  then  came  the  drying  oils ; 
lastly  the  other  oils.  In  order  to  allow  for  the  changing  water 
content  of  the  leather,  a  control  experiment  was  made  upon 
chamois  leather  which  had  absorbed  no  oil. 
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The  various  hydroxy  acids,  which  form  when  cotton  seed,, 
hnseed  and  cod  liver  oils  are  oxidized  upon  the  chamois  leather^ 
have  been  identified  by  Fahrion.^''  Cotton  seed  oil  was  absorbed 
in  leather  and  exposed  to  the  air  for  several  months,  during 
part  of  which  it  was  in  the  direct  sunlig-ht.  The  oxidized  oil 
was  recovered  by  means  of  etler,  kept  for  a  half  year,  then 
analyzed.  The  iodine  number  had  decreased  enormously ;  the 
acidity  had  increased.  The  hydroxy  acids  consisted  of  di-,  tri-, 
and  tetra-oxylinoleic  acids.  Another  sample  of  cotton  seed  oil 
was  absorbed  in  leather  and  exposed  for  14  days  at  a  somewhat 
elevated  temperature;  the  iodine  number  of  the  recovered  oil 
was  below  the  normal  value,  and  mono-  and  dioxylinoleic  acid 
were  present.  A  thin  layer  of  cotton  seed  oil  was  exposed  upon 
a  plate  to  the  action  of  the  air  for  a  period  of  more  than  a  year ; 
the  oil  then  contained  trioxylinoleic  acid.  Apparently  tetraoxy- 
linoleic  acid  marks  the  limit  of  oxidation. 

Linseed  oil  was  exposed  upon  leather  for  10  days,  during" 
part  of  which  the  temperature  was  elevated.  The  iodine  num- 
ber of  the  recovered  oil  had  decreased  enormously,  while  the 
acidity  had  increased.  Di-,  tri-,  and  tetra-oxylinolenic  or  iso- 
linolenic  acids  were  present.  Elementary  analysis  of  a  com- 
pletely dry  linseed  oil  gave  a  composition  corresponding  to  that  of 
hexa-oxylinolenic  acid.  However,  the  dry  oil  may  have  been  a 
mixture  of  oxidation  products  of  linolenic  acid,  both  higher  and 
lower  than  hexaoxylinolenic  acid. 

After  cod  liver  oil  had  been  exposed  upon  leather  for  five 
days,  it  was  recovered.  The  iodine  number  had  decreased 
greatly  while  the  acidity  had  increased.  Tri-  and  penta-oxy- 
jecoric  acids  were  present. 

Fahrion  concludes  that,  during  the  oxidation  of  fats  and 
oils,  unsaturated  acids  with  but  one  double  bond  usually  furnish 
only  volatile  and  no  solid  oxidation  products.  In  the  case  of 
acids,  which  contain  more  than  one  double  bond,  one  such  bond 
remains  intact ;  the  others  open  up,  and  an  oxygen  atom  is  added 
at  each.  Other  oxygen  atoms  enter  between  carbon  and  hydro- 
gen with  the  formation  of  hydroxyl  groups.  Polymerization 
may  occur  at  the  intact  double  bonds;  and  anhydride-formation 
may  also  take  place,  since  hydroxyl  groups  are  present.  Dif- 
ferent stages  of  the  oxidation  may  occur  at  the  same  time.  In 
the  oxidized  oils,  the  hydroxy  acids  are  present  as  glycerides. 
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The  free  hydroxy  acids  are  insokible  in  petroleum  ether,  but 
dissolve  in  alcohol. 

Spaeth  has  published  analyses  dealing  with  the  changes  in  the 
same  sample  of  swine  fat  during  a  storage  of  one  year '"  and  of 
three  years.^*  Swine  fat  was  rendered,  filtered,  freed  from 
water,  analyzed,  stored  in  completely  dry  glass  vessels,  which 
were  provided  with  corks,  in  a  closet  in  a  dry,  not  too  warm, 
room.  After  a  year  had  elapsed,  the  fat  was  again  analyzed. 
The  aciditv  and  refractive  index  had  increased,  w^hile  the  iodine 
number  had  decreased. 

When  the  fat  had  been  stored  three  years,  a  more  elaborate 
investigation  was  made.  The  iodine  number  of  the  fat  de- 
creased ;  the  acidity,  refractive  index,  acetyl  value  and  Reichert- 
Meissl  number  increased,  and  the  melting  point  became  higher. 
The  free  fattv  acids  contained  saturated  and  unsaturated  acids 
in  the  same  ratio  in  which  these  acids  were  present  in  the  original 
fat.  Free  glycerol  could  not  be  detected.  The  mean  molecular 
weight  of  the  total  fatty  acids  had  decreased.  The  iodine  num- 
ber of  the  liquid  fatty  acids  also  showed  a  decrease.  After 
the  rancid  fat  had  been  washed  with  hot  water,  the  iodine  number 
of  the  washed  fat  was  the  same  as  that  of  the  fresh  fat.  Acetic 
and  butyric  acids  were  present  in  the  rancid  fat,  which  also 
responded  to  Becchi's  silver  solution. 

Spaeth  states  that  light  and  atmospheric  oxygen  decompose 
the  acids  of  the  oleic  series  into  acids  of  lower  carbon  content, 
hydroxy  acids  and  aldehydes.  The  decrease  in  the  iodine  num- 
ber of  the  fat  and  of  the  liquid  fatty  acids,  he  attributes  to  oxida- 
tion and  polymerization.  The  rise  in  refractive  index  is  ascribed 
to  polymerization. 

Thum  '^  separated  the  free  fatty  acids  from  the  neutral 
glycerides  of  "  rancid  "  olive  kernel  and  palm  oils,  then  liberated 
the  fatty  acids  of  the  glycerides.  Since  both  the  fatty  acids, 
which  had  been  present  in  the  free  state,  and  those  isolated  from 
the  glycerides  were  found  to  have  practically  the  same  iodine 
number  as  the  oil  itself,  the  conclusion  was  drawn  that  saturated 
and  unsaturated  acids  are  liberated  in  the  same  ratio  in  which 
they  occur  in  the  original  oil. 

Scala,"2  ^vi-iQ  studied  rancid  olive  oil,  decided  that  rancidity  is 
caused  by  the  oxidizing  action  of  air  and  light  upon  the  members 
of  the  oleic  series,  especially  upon  oleic  acid.     This  oxidation  of 
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oleic  acid  gives  rise  to  formic,  acetic,  butyric,  oenanthylic 
(n-heptylic),  azelaic,  sebacic,  and  dioxy stearic  acids,  and  to 
oenanthol  (n-heptyl  aldehyde).  All  these  products  of  oxidation 
were  found  in  rancid  olive  oil,  and  in  a  sample  of  pure  oleic  acid 
M'hich  had  been  exposed  to  air  and  light  for  nearly  a  year. 
The  pungent  and  disgusting  odor  of  rancid  oils  is  ascribed  to  the 
presence  of  oenanthol. 

The  changes  in  the  constants  of  certain  fats  and  oils  were 
also  studied.  Olive  oil  was  kept  for  29  months;  density,  refrac- 
tive index,  saponification  number  and  acidity  increased  as  did  the 
quantity  of  volatile  acids.  The  iodine  number  and  quantity  of 
fixed  (insoluble)  acids  decreased.  The  same  changes  occurred 
in  a  lard  which  had  been  exposed  for  16  months.  After  butter 
had  been  kept  for  38  months,  the  density,  saponification  number, 
acidity  and  quantity  of  volatile  acids  had  become  greater,  while 
the  iodine  number  and  quantity  of  insoluble  acids  had  diminished 

Mjoen  '^  drew  a  current  of  dry,  sterile  air,  from  which  car- 
bon dioxide  had  been  removed,  through  molten  sterile  butter  fat 
for  a  period  of  several  weeks.  A  rancid  smell  and  taste  devel- 
oped, and  the  fat  finally  became  snow  white.  The  iodine  number 
decreased,  while  the  acidity  and  saponification  and  Reichert- 
Meissl  numbers  increased;  a  compound,  which  reduced  ammoni- 
acal  silver  solution,  was  present  in  the  oxidized  fat. 

The  chemical  process  of  atmospheric  oxidation  in  direct  sun- 
light differed  from  that  which  occurs  in  ordinarv  davlight,  the 
sun  liberating  more  acid  for  the  same  decrease  in  iodme  number. 
A  butter  exposed  to  sunlight  retained  its  deep  yellow  color. 

After  the  air  current  had  been  drawn  through  cod  liver  oil 
for  several  weeks,  the  oil  assumed  a  rancid  odor  and  taste  and 
became  more  viscous.  Light  caused  the  oil  to  become  more  or 
less  brown.  After  a  strong  current  of  air  had  been  drawn 
through  olive  oil  at  room  temperature  for  a  period  of  28  weeks, 
the  oil  was  practically  unaltered.  Mjoen  states  that  bacteria 
and  yeasts  do  not  attack  and  decompose  fresh  fats. 

(To   be   c out iu lied.) 
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THE  MINERAL  WEALTH  OF  THE  ISLANDS  OF 
NEWFOUNDLAND  AND  JAMAICA. 

INTRODUCTORY    ADDRESS    OF    THE    PRESIDENT    OF    THE    SECTION 

A.  E.  OUTERBRIDGE,  Jr. 

[The  island  of  Janiiaca  is  best  known  as  one  of  the  garden  spots  of  the 
earth  and  3  haven  for  those  seeking  to  escape  the  rigors  of  our  winter 
climate.  The  extent  and  accessibility  of  its  mineral  wealth  are  but  little 
known  and  Professor  Outerbridge's  account,  dealing  with  the  mineral  pro- 
ducing localities  and  their  environment,  will  lend  added  interest  to  this 
region  both   from   the   point  of  view  of  the  tourist  and   mineralogist.] 

It  has  been  my  animal  custom  since  my  appointment  several 
years  ago  by  the  Board  of  Managers  "  Professor  of  Aletallurgy 
of  the  FrankHn  Institute,"  to  open  the  autumn  sessions  of  the 
Mining  and  Metallurgical  Section  with  a  resume  of  Mining  and 
Metallurgical  progress  during  the  year.  It  is  my  purpose  this 
evening  to  vary  this  programme  slightly  by  giving  a  brief 
account  of  some  of  the  mineralogical  deposits  of  two  important 
colonies  of  Great  Britain ;  namely,  the  Islands  of  Newfoundland 
and  Jamaica ;  one  almost  bordering  on  the  Arctic  Regions,  the 
other  in  the  Tropical  Zone. 

NEWFOUNDLAND. 

At  the  inaugural  meeting  of  the  Mining  and  Metallurgical 
Section  of  this  Institute,  held  April  28,  1897,  the  paper  of  the 
evening,  presented  by  myself,  at  the  request  of  the  President  of 
the  Franklin  Institute,  who  occupied  the  chair  on  that  occasion, 
was  entitled,  "  The  Undeveloped  Mineral  Wealth  of  Newfound- 
land," and  was  printed  in  the  Journal  of  the  Fr.\nklin 
Institute  of  September,  1897,  embellished  with  photographic 
illustrations  of  the  "  Iron  Mine  at  Belle  Isle,  Conception  Bay," 
showing  ore  chutes  and  loading  pier,  and  another  view  showing 
the  surface  workings  of  this  mine.     Other  pictures  showed  the 
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"  Pyrites  Mine  at  Pilley's  Isle  "  which,  even  then,  employed  a 
fleet  of  ships.  Still  another  illustration  showed  the  "  Copper 
Mine  at  Little  Bay,"  which  had  a  total  output  at  that  time  of 
about  200,000  tons.  Particular  attention  was  paid  in  this  paper 
to  the  remarkable  iron  ore  deposits  at  Wabana,  Belle  Isle,  found 
near  the  surface,  and  the  paper  stated  that  "  there  is  little  doubt 
that  in  future  years  an  extensive  export  of  hematite  iron  ore 
will  be  developed." 

How  fully  that  prediction  has  been  realized  may  be  seen  by 
a  g-lance  at  the  following  figures,  obtained  from  an  interesting 
paper  on  "  IMining  Iron  Ore  at  Wabana,  Newfoundland,"  by 
B.  S.  Stephenson,  in  the  Iron  Trade  Reviezv  of  October  14,  1909. 

"  During  the  past  ten  years  there  has  been  shipped  from  the 
piers  at  Wabana  over  3,750,000  tons  of  ore,  distributed  as 
follows  : 

To  Germany    1,500,000 

To  Great  Britain    500  000 

To  United  States    1,000,000 

To  Canada    750,000 

Total     3.750,000 

Deliveries  (to  the  United  States)  during  the  current  year  will 
exceed  200,000  tons,  sales  (bespoken)  for  1910  in  this  country 
aggregate  250,000  tons  and,  with  the  completion  of  develop- 
ment work  already  under  way  on  Belle  Isle,  there  is  every  reason 
to  expect  a  steady  increase  in  importations  from  that  source." 

A  few  years  before  the  date  of  my  paper  the  whole  of  Belle 
Isle  was  purchased  by  the  Nova  Scotia  Steel  &  Coal  Co.,  Ltd., 
for  a  few  thousand  dollars,  and  one  year  later,  in  1898,  when  the 
Dominion  Iron  &  Steel  Company,  Ltd.,  was  organized,  the  lower 
half  of  the  bed  of  ore  on  the  land,  and  a  submarine  area  adjoin- 
ing the  shore,  was  sold  to  that  concern  for  a  consideration  which 
was  reported  at  that  time  to  have  been  one  million  dollars  cash. 
Both  companies  have  since  then  been  operating  continually  on 
their  respective  properties  and  have  now  extended  their  mining 
operations  under  the  sea. 

One  year  ago  the  Nova  Scotia  Company  entered  on  its  own 
submarine  areas,  after  driving  a  distance  of  practically  4000  feet. 
The  article  in  the  Iron  Trade  Reviezv  says : 

"  A  conservative  estimate,  made  recentlv  bv  a  well  known 
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London  engineer.  i)laces  the  amount  of  ore  that  may  be  mined 
from  the  land  and  near  submarine  areas — after  making  very 
liberal  allowances  for  pillar  and  other  losses — at  104,000,000  tons 
of  mineral  '  practically  proved  '  and  291,525,000  tons  of  '  mineral 
reasonably  supposed  to  exist.'  .  .  .  The  management  of 
the  Nova  Scotia  Company  is  fully  satisfied  that  the  inner  sub- 
marine areas  alone  will  yield  over  500,000,000  tons  of  shipping 
ore,  while  the  total  ore  underlying  the  inner  and  outer  submarine 
areas  of  this  company  will  exceed  2,500,000.000  tons." 

This  reads  more  like  a  fairy  tale  than  an  actual  recital  of  facts 
and  it  is  within  the  memory  of  merchants  in   St.  Johns.   Xew- 
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Clarendon  Hills,  Jamaica. — The  heart  of  the  mining  district,  showing  cultivation  of  the 
estates.     The  copper- wood  mine  is  above  the  cottage,  right  hand  side. 


foundland,  who  were  in  the  habit  of  picknicking  on  the  little 
island  and  ballasting  their  sail  boats  for  the  return  trip  across 
the  narrow  strip  of  water,  in  case  of  an  unexpected  gust  of  wind, 
with  lumps  of  the  ore  found  lying  at  the  base  of  the  clitTs,  when 
the  entire  island  could  have  been  purchased  for  a  few  hundred 
dollars ! 

It  is  evident  fror.:  what  has  been  here  shown,  even  without 
referring  to  other  mining  operations,  that  there  has  been  consid- 
erable development  of  the  mineral  wealth  of  Newfoundland  since 
the  publication  in  the  Journal  of  the  Franklin  Institute 
of  my  brief  paper  on  its  undeveloped  mineral  wealth. 

As  I  am  to  be  followed  this  evening  by  Professor  Bradley 
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Stoughton,  who  has  kindly  come  here  to  give  us  an  address  on 
"  The  Open  Hearth  Process,"  I  will  not  take  time  even  to  refer 
to  other  mineralogical  developments  in  Newfoundland  in  recent 
years,  but  will  pass  on  to  a  brief  account  of  some  observations 
concerning-  the  undeveloped  and  partially  dejveloped  mineral 
wealth  of  Jamaica. 

Fig.  2. 


Highway  between  the  copper  mines  and  shipping  port.     Old  Harbor,  11  miles  distant.     The 
military  roads  in  Jamaica  are  equalled  only  by  the  finest  park  roads  in  U.  S. 


JAMAICA. 

In  March  last  I  visited  this  beautiful  tropical  island  and  saw 
many  evidences  of  mineralogical  deposits  of  interesting  character 
in  the  interior  and  also  not  far  from  the  coast,  but  very  little 
had  apparently  been  accomplislied  in  the  way  of  their  economic 
development. 

I  found  that  there  is  a  general — if  not  universal — -belief  that 
Jamaica,   like   manv  other   West   India   Islands,    is   of   volcanic 
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origin,  but  this  impression  is  evidently  unwarranted,  as  will  be 
seen  presently. 

In  the  year  1869  there  was  published  in  London,  by  order 
of  the  Lords  Commissioners  of  Her  Majesty's  Treasury,  a 
voluminous  and  valuable  report  on  the  "  Geology  of  Jamaica," 
by  James  G.  Sawkins,  F.G.S. :  this  is  now  a  rare  volume  of  339 
pages,  with  niLmerous  tables  and  maps  giving  complete  accounts 
of  surveys  of  the  entire   island :   its  geological    formation,   the 

Fig.  3. 


Jamaica  Copper   Mink-       i  Men  cut  showing  width  of  vein  between  two  dark  lines.     Super- 
intendent and  mine  boss  examining  ore. 

minerals,  rocks,  rivers,  mountains,  etc.,  and  I  propose  to  draw 
freelv  from  this  fund  of  reliable  information  for  the  facts  here 
given.  The  author  says.  "  The  only  vestiges  of  volcanic  action 
occur  in  the  northeast  portion  of  the  central  range  of  mountains, 
below  the  summit  of  Blue  ^Mountain  Peak  (over  7000  feet  high) 
w^hich  consists  of  sand  and  gravel,  represented  by  quartzite, 
conglomerate  and  indurated  phosphatic  clays." 

The  island  is  situated  between  17°  and  19°  north  latitude, 
and  75°  and  79°  west  longitude:  it  is  135  miles  long.  35  to  50 
miles  broad  and  comprise?  3250  square  miles  area. 
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Over  115  rivers  and  streams  are  known  to  find  their  way  to 
the  sea,  exclusive  of  the  numerous  tributaries  from  every  ravine 
in  the  mountainous  districts,  the  abundance  of  water  justifying 
the  name  "  Island  of  Eternal  Springs  "  given  to  Jamaica  by  the 
Spanish  discoverers.  This  never  failing  source  of  power  is 
practically  unlimited  but  for  the  most  part  not  utilized. 

The  following  is  a  condensed  list  of  metallic  minerals  taken 
from  the  geological  report  referred  to  : 


Fig.  4. 


Jamaica  Copper  Mine. — The  general  manager  inspecting  a  pile  of  copper  ore  at  the  mouth 
of  mine.     This  ore  contains  a  little  gold  and  several  ounces  of  silver  to  the  ton. 


"  Gold. — This  precious  metal  is  found  associated  with  some 
of  the  oxidized  copper  ores  of  the  Clarendon  ]\lines."  There  is 
a  tradition  that  the  Spaniards  obtained  gold  here  and  they  named 
an  adiacent  elevation  "  The  Gold  Aline."     These  workings  have 


long  since  been  abandoned. 


"  Copper. — The  ores  of  this  metal  are  very  widely  diffused 
in  Jamaica  and  assume  different  characteristics  according  to  the 
geological    circumstances   and    form    in    which   they   occur,   viz. : 
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as  carbonates  in  crystals,  silicates  and  even  native  in  granular 
form.  Copper  also  occurs  in  veins  both  in  Portland  and  Claren- 
don but  are  most  distinctively  so  in  the  latter  parish.  The  metal 
occurs  usual!}-  in  detached  deposits  among  disintegrated  rocks  on 
the  sides  of  the  mountains  either  in  the  form  of  silicates,  car- 
bonates or  oxides." 

Fig.  ;. 


Copper-Wood  Mine,  showing  opening  at  top  of  mountain.     Tobacco  field  and  cocoanut 
grove  in  the  valley.    Jamaica. 


In  the  geological  report  of  the  parishes  of  St.  Thomas  and 
Portland  no  less  than  twelve  pages  are  devoted  to  descriptions  of 
the  various  copper  deposits.  In  the  chapter  entitled  "  Economic 
Geolog}'  of  the  Parish  of  Clarendon  "  the  following  account 
appears  :  "  The  Clarendon  Klines  afford  a  nearer  approach  to  true 
lodes  of  mineral  veins  than  any  of  the  other  metalliferous 
deposits  of  Jamaica.  Without  being  contained  in  mechanical 
fissures,  still,  the  deposits  are  bound  by  definite  walls  and  char- 
acterized by  distinct  gangue  and  ribs  of  ore.  .  .  .  During 
the  year  1858  some  specimens  of  blue  and  green  carbonates  of 
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copper  were  given  to  the  Hon.  Lewis  Mackinnon  as  specimens  of 
copper  ore  from  the  Clarendon  mines  and  on  leaving  Halse  Hall 
these  specimens  were  thrown  away.  \Vhile  I  was  surveying  this 
(Clarendon)  parish  I  occupied  Halse  Hall,  and  the  Assistant 
Geologist,  Mr.  C.  B.  Brown,  while  on  a  visit,  found  a  small  piece 
of  the  discarded  rock  and  on  close  examination  discovered  that 
what  had  ])een  considered  Ijv  tlie  miners  copper  pyrites  was  trulv 


Fig.  6. 
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Pay  Day  at  the  Mines. — The  negroes  receive  about  36  cents  ijer  diem,     i'hcre  are  150  men 
working,  night  and  day  shifts.     Jamaica  copper  mines. 


gold.  Large  pieces  were  afterwards  found  containing  sutlicient 
gold  to  Ije  considered  gold  ore,  the  value  was  established  at  from 
£60  to  £70  per  ton,  besides  the  copper  which  would  yield  from 
12  to  15  per  cent." 

It  is  of  record  in  the  archives  of  the  colony  that  in  the  year 
1857,  -07  tons  15  cwt.  of  copper  ores  were  shipped  from  the 
Clarendon  mine  and  ]\Ir.  Sawkins  states  that  had  these  mines 
been  worked  intelligently  and  due  attention  given  to  the  under- 
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taking,  the  mining  would  have  then  proved  a  success  instead  of  a 
failure.  It  is  the  same  region  that  is  now  heing  developed  by 
Boston  capitalists  and  is  in  the  centre  of  an  agricultural  district 
under  high  cultivation. 

In  Appendix  Til  of  'Wv.   Sawkins's  rejjort  there  are  quite  a 

Fig.   7. 


Free  hand  sketch  of  narrow  trail  to  top  of  Blue  Mountain  Peak,  Jamaica,  (7443  feet 
elevation),  showing  one  of  many  sharp  turns  on  dizzy  heights,  with  conical  peaks  below. 
The  trip  required  two  days  of  hard  riding  on  sure  footed  mountain  ponies. 

number  of  analyses  of  evidently  selected  specimens  of  copper 
ores  from  different  localities,  among  which  are  the  following: 

COPPER 

Copper    Pyrites    35-93  per  cent. 

Purple  or  Peacock  ore    62.50  per  cent. 

Mixed  purple  and'  gray  ore   70.99  per  cent. 

Gray  copper   ore    79-8o  per  cent. 

Native  copper   98.97  per  cent. 

Among  other  minerals  described  in  the  report  as  being  found  in 
Jamaica  are  cobalt,  lead  (galena),  zinc  (sulphide),  manganese 
(pyrolucite),  iron,  arsenic,  and  antimony.  No  mining  operations 
have  been  established  so  far  as  I  have  been  informed,  except  for 
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copper  in  the  Clarendon  hills  where  extensive  developments  are 
now  in  progress. 

In  1906  several  Boston  men  obtained  a  lease  of  2276^  acres 
of  land  in  these  hills,  with  option  of  purchase  within  a  few  years, 
and  since  then  have  been  vigorously  prospecting  and  tunnelling 
into  the  hills.  At  the  time  of  my  visit  to  Jamaica  (March,  1909) 
there  were  about  seventy-five  laborers  at  work  blasting  out  ore 
and  sixty-two  openings  had  been  made,  from  more  than  forty  of 
which  it  was  said  that  different  kinds  of  ore  had  been  taken 
showing  profitable  copper  \-alues  and  carrying  more  or  less  value 


in  silver  and  gold. 


Fig.  8. 
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Sketch  of  Elma  Mine — one  of  ten  mines  now  opened  on  the  property. 

I  secured  a  collection  of  samples  of  these  copper  ores  from 
several  of  the  mines  and  they  have  all  been  classified  at  the 
Academy  of  Natural  Sciences.  Duplicate  samples,  duly  laljelled, 
are  on  the  table  for  inspection  at  the  close  of  the  meeting. 

Several  of  the  specimens  are  very  rich  ores.  I  have  also 
obtained  copies  of  forty-seven  analyses  made  by  six  different 
firms  in  New  York,  Boston,  Denver,  Jamaica,  and  London,  of 
samples  taken  from  the  run  of  the  mines  that  have  been  analyzed 
for  the  purpose  of  obtaining  definite  information  regarding  the 
average  value  of  the  deposits,  these  show,  of  course,  wide  varia- 
tions, ranging  from  a  minimum  of  4.06  per  cent.,  to  maximum 
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69.32  per  cent,  copper,  also  showing  gold,  ranging  from  a  mere 
trace  up  to  1.72  ounces  per  ton,  and  from  a  trace  of  sih'er  up  to 
56.44  ounces  per  ton  of  ore. 

At  the  time  of  my  visit  in  March  last,  a  little  over  1200  feet 
of  tunnels  had  been  made,  since  that  time  the  force  of  laborers  has 
been  doubled  and  development  work  has  progressed  rapidly,  as 

Fio.  Q. 
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Sketch  of  MacNish  Mine,  recently  opened. 

will  be  seen  from  the  annual  report  of  the  General  Manager  of 
the  Jamaica  Consolidated  Copper  Co.,  dated  October  13,  1909, 
just  issued. 

"  I  am  pleased  to  report  most  satisfactory  progress  at  the 
Mines  during  the  past  twelve  months.  Our  development  now 
stands  as  follows,  in  tunnels,  cross-cuts,  upraises  and  drifts : 

FEET 

Sylvia   Mine    819 

Victoria   Mine    205 

Cheltra   Tunnel    403 

Iva  Mine   341 

Elma   Mine    384 

Clarissa  Mine  156 

Copper  Wood  Mine  557 

Cyril  Tunnel  47 

Congo  Hill  Mine    1271 

MacNish  Tunnel   173 
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making  a  total  of  4356  feet,  with  more  than  2000  feet  of  open 
cuts  and  prospect  shafts  not  inchided  in  the  above. 

"  The  Mines  have  recently  been  examined  by  one  of  the 
ablest  mining  men  in  America.     He  reports  as  follows : 

Ore  in  sight  ready  for  extraction, —  toss 

Congo   Hill 1,332,000 

Victoria   Mine    66,500 

Sylvia   Mine    150,000 

Iva  Mine    19,800 

Elma   Mine    16,500 

with  all  breasts  and  drifts  in  ore.     This  makes  a  grand  total  of 
1,585,800  tons."' 

Some  of  the  peculiar  or  distinctive  features  of  copper  mining 
in  the  Clarendon  hills  in  Jamaica  may  be  enumerated  as  follows: 

1.  A  great  portion  of  the  estate  is  under  cultivation,  furnish- 
ing considerable  revenue,  besides  all  the  food  stuffs  required  to 
feed  all  the  hands  now,  or  that  may  be  in  the  future  employed  on 
the  plantation  or  in  the  mines,  the  balance  is  mainly  forest  land 
containing  all  the  timber  that  could  ever  be  used  in  the  mines  or 
in  the  erection  of  buildings  and  also  precious  woods  of  various 
kinds. 

2.  Native  labor  is  employed  with  success  at  an  average  wage 
of  about  one  shilling  and  six  pence  per  diem.  The  negroes  are 
apparently  a  contented  class  and  the  wage  is  a  little  more  than  is 
paid  agricultural  labor  on  the  neighboring  plantations. 

3.  The  distance  from  the  shipping  point  "  Old  Harbor,"  or 
from  the  railway  station,  "  May  Pen,"  is  a  little  more  than  10 
miles  over  highways  so  perfect  as  to  be  compared  only  to  park 
roads. 

4.  The  climate  is  such  that  work  can  be  carried  on  day  and 
night  throughout  the  year. 

5.  Abundant  water  is  available  for  power  and  for  electrolytic 
refining  operations  at  low  cost. 

The  following  classification  of  the  samples  of  copper  ores 
from  seven  different  mines  on  the  property  of  the  Jamaica  Con- 
solidated Copper  Company  has  been  kindly  furnished  by  the 
Curator  of  the  Academy  of  Natural  Sciences.  Duplicate  speci- 
mens have  been  presented  to  the  Academy  and  to  the  Franklin 
Institute. 
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No.  I. — Bornite  with  azurite  and  malachite ;  from  Iva  Mine. 

No.  2. — Chalcocite  with  malachite  and  chrysocolla;  from  Victoria  Mine; 
very  rich  ore. 

No.  3. — Chrysocolla  and  chalcocite;  from  Sylvia  Mine;  rich  ore. 

No.  4. — Bornite  and  malachite  with  chalcocite  and  chrysocolla ;  from 
Clarissa  Mine. 

No.  5. — Metallic  mineral,  dorneykite  or  mohawkite ;  red  portion,  cuprite 
(copper  oxide)  ;  from  Sylvia  Mine. 

No.  6. — Chalcocite  and  chrysocolla;   from  Elma  Mine. 

No.  7. — Red  part,  cuprite;  blue  green  portion,  chrysocolla;  bright  green, 
garnerite ;  tarnished  patches,  Mohawkite.  (The  garnerite  is  nickel  and 
magnesium  silicate.) 

In  conclusion  I  think  it  proper  to  repeat  what  I  said  in  my 
address  given  in  1897;  namely,  that  I  am  merely  an  observer 
from  an  outside  standpoint  and  chronicler  of  these  exploitations, 
and  am  not  connected  in  any  capacity  with  any  of  the  mining 
companies.  I  am  not,  therefore,  prepared  to  express  an  authori- 
tative opinion  as  to  the  future  commercial  value  of  any  of  the 
operations  described,  but  I  have  verified,  as  far  as  possible,  state- 
ments furnished  to  me  before  presenting  them  in  this  paper. 
Should  the  development  of  the  mineral  wealth  of  Jamaica  in 
the  next  decade  compare  favorably  with  that  of  Newfoundland 
since  my  address  in  1897,  I  hope  I  may  have  the  pleasure  ten 
years  hence  of  calling  attention  to  it,  as  I  havQ  just  now  done 
with  respect  to  the  remarkable  developments  of  mineral  wealth 
of  Newfoundland  in  the  past  twelve  years. 

Note. — At  the  conclusion  of  this  address  a  number  of  lantern  slides  made 
from  kodak  pictures  taken  by  the  author  and  his  party  were  exhibited  show- 
ing the  general  character  of  the  country,  together  with  views  up  the  trail 
leading  to  the  top  of  Blue  Mountain  Peak.  This  is  a  difficult  and  rather 
dangerous  trip,  occupying  two  days  of  very  strenuous  riding;  skirting  numer- 
ous precipices  and  affording  magnificent  views.  Since  the  earthquake  of 
1907  few,  if  any,  visitors  to  the  island  have  made  this  ascent,  and  the  path 
is  somewhat  overgrown  and  partly  obscured  in  many  places.  It  is  necessary 
to  employ  guides  also  to  carry  warm  clothing,  and  to  arrange  in  advance  for 
accommodation  over  one  night,  or  possibly  longer,  in  case  of  bad  weather, 
at  one  of  the  coffee  plantations  on  the  side  of  the  mountain.  It  is  nor 
always  possible  to  obtain  such  shelter. 
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RECENT  PROGRESS  IN  OPEN  HEARTH  STEEL 
PRACTICE. 

BY 

BRADLEY  STOUGHTON. 

[The  basic  open  hearth  furnace,  the  world's  greatest  steel  producer  at 
present,  suffers  under  the  disadvantage  of  greater  cost  of  operation  than  the 
Bessemer  converter,  due  chiefly  to  costs  for  fuel,  labor  and  repairs.  Con- 
stant experiments  are  being  made  at  steel  works  to  reduce  these  expenses, 
and  the  important  modifications  in  design  and  practice  that  have  resulted 
are  discussed  in  this  paper,  together  with  some  reference  to  the  attempts 
to  make  low-carbon  steel  of  high  quality  in  the  open  hearth  furnace,  and 
brief  notes  on  the  Duplex  process.] 

The  operation  of  the  open  hearth  furnace  (see  Fig.  i)  is 
too  well  known  to  you  to  require  any  description,  and  I  wish 
to  confine  my  attention  to-night  to  recent  innovations  in  furnace 
design  or  operation  which  have  fought  their  way  to  notice  and 
maintained  a  position  after  the  test  of  practical  experience. 

Fuel. — Producer  gas  is  still  the  most  important  fuel  used, 
because  it  gives  more  heat  units  for  a  dollar  than  any  other 
manufactured  fuel,  and  it  is  even  increasing  over  natural  gas 
owing  to  the  diminishing  supply  of  that  product  in  the  Pittsburgh 
district.  With  coal  at  two  dollars  per  ton  and  natural  gas  at 
ten  cents  per  thousand  cu.  ft.  the  cost  as  open  hearth  fuel  is 
approximately  the  same  for  the  natural  and  the  manufactured 
product,  provided  the  gas  producer  plant  is  large  enough  to  be 
operated  at  economical  figures.  One  advantage  of  natural  gas 
in  this  comparison  is  its  high  calorific  power  per  cu.  ft.  which 
enables  it  to  be  used  without  passing  through  any  regenerative 
chamber. 

In  England  and  Europe,  where  they  are  more  progressive  in 
some  departments  of  the  steel  industry,  or,  better  say,  where  they 
are  progressive  at  an  earlier  period  of  development  of  some 
improvements  in  the  industry,  the  use  of  spare  gas  from  by- 
product coke  ovens  is  established  in  open  hearth  practice,  but 
some  American  manufacturers  believe  that  this  particular  form 
of  progressiveness  is  still  a  little  premature.  Coke  oven  gas  is 
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so  rich  as  not  to  require  regeneration,   and  is  obtained   as  a 
by-product  at  a  low  cost. 

Fuel  oil  costs  initially  more  than  the  equivalent  amount  of 
coal,  but  can  be  transported  much  cheaper.  Therefore,  its  use 
depends  chiefly  upon  location.  About  40  gallons  of  oil  will  do 
the  work  of  producer  gas  from  500  lbs.  of  coal,  or  else  of 
6000  cu.  ft.  of  natural  gas,  and  will  cost  nearly  twice  as  much 
in  Pittsburgh  at  present  prices.  Oil  requires  no  regeneration, 
gives  a  more  oxidising  flame  which  can  be  controlled  easier 
than  gas,  is  not  so  damaging  to  the  roof  of  a  furnace,  but  more 
so  to  the  walls.  Heats  can  be  brought  out  slightly  quicker  with 
oil  fuel,  but  the  steel  is  more  liable  to  be  unsound  unless  great 
care  is  employed. 

Water  gas,  Mond  gas  and  similar  fuels  of  higher  grade  than 
producer  gas,  have  been  used  to  some  extent  abroad,  but  Ameri- 
can practice  seems  to  indicate  that  greater  economy  is  obtained 
from  the  poorer  fuel  and  simpler  process  of  manufacture. 

Furnace  Repairs. — The  rebuilding  and  repairs  of  a  furnace 
cost  in  a  year  about  the  same  as  the  total  fuel  used,  depending 
to  some  extent,  of  course,  upon  how  location  affects  the  relative 
prices  of  coal,  refractory  materials  and  labor.  Also  these 
renewals  per  year  are  not  very  far  from  the  initial  cost  of 
furnace  proper  and  chambers.  Their  magnitude,  as  can  readily 
be  seen,  therefore  Avarrants  the  expenditure  of  both  time  and 
money  upon  careful  furnace  design,  and  every  year  sees  some 
improvements  in  this  respect.  Within  a  few  years  the  number  of 
heats  that  a  basic  furnace  would  make  before  it  became  necessary 
to  cool  it  down  for  repairs  has  increased  by  from  50  to  100 
per  cent.,  and  at  the  same  time  repairs  between  heats  has 
decreased  slightly. 

The  necessity  for  repairs  arises  from  four  causes:  (i)  the 
corrosive  action  of  metal  and  slag  upon  hearth  and  brick-work; 
(2)  the  softening  and  melting  of  the  brick-work  by  heat;  (3) 
cracking  of  the  brick-work  by  expansion  and  contraction  with  the 
heat;  and  (4)  choking  of  the  spaces  between  bricks  in  the 
regenerative  chambers  by  soot,  or  by  dirt  and  slag  thrown  over 
from  the  hearth.  The  relative  importance  among  these  of  the 
corrosive  action  of  the  slag  is  illustrated  by  the  circumstance 
that  the  furnace  with  a  basic  slag  requires  to  be  cooled  down  for 
repairs  nearly  three  times  as  often  as  that  with  an  acid  slag. 
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This  is  due  in  part  directly  to  the  corrosive  action  of  the  basic 
slag  and  in  part  to  the  volume  of  this  slag  which  makes  a  heavier 
blanket  between  flame  and  metal  and  thus  necessitates  more  heat 
in  the  furnace,  from  which  the  brick-work  suffers.  From  this 
it  must  not  be  inferred  that  the  cost  of  rebuilding  and  repairs 
in  the  basic  furnace  is  quite  three  times,  or  even  twice,  that  in 
the  acid  furnace,  because,  although  the  life  of  the  basic  furnace 
is  shorter,  the  extent  of  rebuilding  in  the  acid  furnace  is  much 
greater  when  it  does  become  necessary. 

Fig.   I. 


Siemens  open-hearth  furnace. 

The  destruction  of  brick-work  by  corrosion  and  melting  has 
been  lessened  by  several  recent  devices,  following  the  early  ones 
of  supporting  the  roof  substantially  on  I-beams  and  air-cooling 
the  hearth  by  leaving  it  open  as  much  as  possible  outside.  In 
the  latter  respect  the  Europeans  have  gone  further  than  we  have 
as  regards  the  brick-work  near  the  up-takes,  and  the  up-takes 
themselves  and  ports,  as  shown  by  a  comparison  of  Figs.  2  and 
3,  but  American  practice  now  places  an  air-cooled  cast  block  at 
the  corner  of  the  hearth-pan  next  the  ends,  which  is  effective  in 
protecting  this  location.  A  layer  of  chrome  ore  on  the  floor  of 
the  ports  and,  in  basic  practice  especially,  other  exposed  places 
where  slag  is  liable  to  lodge  and  corrode  is  a  frequent  safeguard. 
Ports  are  sometimes  designed  (see  Fig.  3)  so  that  the  relatively 
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fragile  wall  between  them  is  exposed  to  both  of  the  outgoing 
currents  of  gases  for  only  a  part  of  its  length,  and  thus  will 


Fig. 
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retain  almost  indefinitely  enough  length  to  give  direction  to  the 
incoming  gas  and  air  when  their  current  is  from  that  side.  Still 
more  recently,  the  port  and  bulkhead  have  been  water-cooled  by 
patented  devices,  and  this  practice  is  said  to  have  doubled  the 
life  of  basic  furnaces  in  some  cases.  Most  new  furnaces  are 
built  with  a  shallow  dip  of  the  air  port,  in  order  to  maintain  as 
long  as  possible  the  current  of  cool  air  flowing  along  under  the 
roof  bricks. 

Fig.  3. 
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Another  important  innovation,  increasing  not  only  the  life  of 
the  furnace,  but  also  its  fuel  economy,  is  lengthening  the  labora- 
tory, with  corresponding  increase  in  the  capacity  of  the  furnace, 
so  that  now  we  hear  of  100-ton  furnaces  and  Talbot  furnaces  of 
even  225  tons  capacity.  This  gives  better  opportunity  for  com- 
plete combustion  and  brings  the  gases  against  the  brick-work  at 
the  outgoing  end  of  the  furnace  at  a  lower  temperature. 

The  cracking  of  the  brick-work  of  the  furnace  body  may  be 
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materially  lessened  by  careful  attention  to  the  adjustment  of 
tension  on  the  structural  tie-roads  by  the  turnbuckles  now  always 
provided  for  that  purpose,  and  is  also  met  with  less  frequently 
since  the  practice  of  building  the  regenerative  chambers  under- 
neath the  hearth  (these  serving  as  a  support)  has  been  almost 
entirely  abandoned.  This  departure  likewise  decreases  the 
cracking  of  the  chambers  themselves,  and  we  hear  less  often  of 
furnace  campaigns  ending  because  of  a  leak  between  gas  and  air 
regenerators.  Placing  the  chambers  farther  away  makes  the 
furnace  work  a  little  more  sluggishly,  and  the  construction  shov^n 
in  Fig.  2,*  which  has  been  adopted  at  a  few  plants  in  Europe, 
makes  it  possible  to  avoid  this  objection.  If  this  design  were 
changed  slightly  so  that  the  hearth  would  be  supported  entirely 
independently  of  the  chambers,  and  the  roof  of  the  chambers 
given  a  pitch  towards  the  back  of  the  furnace  so  that  the  flood  of 
metal  which  would  occur  in  case  of  a  break-out  would  be  de- 
flected, we  should  avoid  the  objections  ordinarily  met  with  by 
placing  regenerators  under  the  hearth,  and  would  gain  in  quick- 
ness and  compactness  and  escape  the  danger  of  a  leak  between 
gas  and  air  regenerators. 

The  choking  of  the  spaces  between  the  bricks  in  the  regener- 
ative chambers  is  lessened  by  increasing  the  volume  of  the  slag- 
pockets  as  well  as  that  of  the  chambers.  In  modern  50-ton 
furnaces  it  is  very  common  for  the  volume  actually  occupied  by 
the  checkerwork  to  be  as  much  as  1900  cu.  ft.  for  each  gas 
chamber,  and  2600  cu.  ft.  for  each  air  chamber,  while  its  vertical 
height  will  be  as  much  as  18  to  20  ft.  Perhaps  more  considera- 
tion has  been  paid  to  these  dimensions  in  European  practice  than 
in  America,  except  within  a  few  years. 

Soft  Steel. — There  yet  remains  an  important  field  for  devel- 
opment in  the  production  of  low-carbon  steel  for  wire,  pipe, 
rivets,  bolts,  cold-rolled  stock,  blacksmith  iron,  etc.,  by  the  open 
hearth  process.  Each  year  there  are  more  furnaces  engaged  in 
this  class  of  work,  but  the  steel,  so  far  at  least  as  all  I  have 
examined,  is  charged  with  oxide  of  iron.  The  process  of  manu- 
facture is  usually  to  melt  a  charge  consisting  chiefly  of  steel 
scrap,  the  small  proportion  of  metalloids  in  \vhich  is  oxidised  out 
during  melting;  or  else  to  maintain  an  oxidising  slag  up  to  the 

*  From  "  Album  of  Drawings  Relating  to  the  Manufacture  of  Open 
Hearth  Steel,"  by  A.  Pavloff,  St.  Petersburg,  1908. 
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moment  of  tapping.  The  wild  steel  resulting-  from  both  of  these 
methods  is  passable  only  when  the  carbon,  phosphorus  and 
sulphur  are  very  low,  and  when  the  consequent  blowholes  are 
effectively  welded  up  during  rolling.  The  success  obtained  by 
manufacturers  in  this  class  of  product  is  an  evidence  of  the  con- 
stant care  and  skill  exercised,  but  there  is  still  much  reluctance 
to  entering  very  far  into  this  class  of  manufacture  with  the  open 
hearth  furnace. 

Duplex  Process. — Probably  the  one  development  in  steel 
manufacture  that  is  attracting  the  most  attention  at  the  present 
time  in  America  is  the  increasing  use  of  the  Duplex  process  in 
large  steel  plants.  The  slowness  of  the  open  hearth  operation 
and  the  rising  price  of  suitable  melting  scrap  combine  to  enhance 
the  value  of  a  method  which  will  improve  the  former  and  avoid 
the  latter.  There  is  still  much  variation  in  the  details  of  this 
combination  of  the  Bessemer  and  open  hearth  processes  so  as  to 
obtain  the  quickest  and  best  results,  even  in  the  same  plant  at 
different  times,  and  it  will  probably  be  some  years  before  a 
standard  of  practice  will  become  established,  while  the  mechanical 
details  of  handling  the  molten  metal  and  transporting  it  from 
blast  furnace  to  Bessemer  converter  and  open  hearth,  and  from 
converter  to  open  hearth,  either  with  or  without  the  intervention 
of  one  or  two  500ton  or  750-ton  reservoirs,  are  being  improved 
yearly.  To-day  we  find  some  plants  using  together  in  the  open 
hearth  furnaces  both  liquid  pig  iron  and  liquid  blown  metal  from 
the  converters,  while  others  will  use  blown  metal  only.  Some 
plants  are  using  alternately  each  type  of  combination,  until 
experience  proves  which  is  better.  Where  blown  metal  is  used 
alone  it  is  customary  not  to  reduce  the  carbon  in  the  average 
charge  for  any  open  hearth  furnace  below  i  per  cent.,  and  this 
carbon  is  oxidised  in  the  hearth,  together  with  the  phosphorus 
and  part  of  the  sulphur.  Even  when  the  blown  metal  is  mixed 
with  liquid  pig  iron  it  is  not  always  blown  dead.  At  present  the 
Duplex  process  is  not  only  practiced  with  the  ordinary  open 
hearth  operation,  but  in  Talbot  furnaces  as  well,  and  promises  to 
give  material  success. 


NAVIGATING  THE  AIR. 

BY 

AUGUSTUS  POST, 

Secretary,  Aero  Club  of  America. 
RESUMf:     OF     THE     POPULAR     SciENCE     LeCTURE     DELIVERED     AT     WiTHERSPOON 

Hall,  Friday  Evening,  October  15,  1909. 

The  lecture  was  prefaced  with  a  brief  introductory  address  by  President 
Clark.  The  speaker  pointed  out  that  aerial  navigation  had  been  developed 
by  the  evolution  of  the  three  distinct  classes  of  apparatus — balloons,  dirigibles, 
and  aeroplanes;   and  presented  the  subject  in   the   following  order: 

Balloons. — Successful  navigation  of  the  air  may  be  fairly  said  to  have 
its  first  impetus  with  the  experiments  of  the  Montgolfier  brothers.  Their 
crude  experiments  on  the  ascentional  power  of  "  smoke "  and  "  steam " 
finally  led  to  the  use  of  heated  air  as  a  means  of  securing  buoyancy. 
Shortly  after  this,  through  the  investigations  of  the  brilliant  physicist 
Charles,  hydrogen  was  found  more  suitable  and  balloons,  even  at  that  early 
date,  barring  advances  in  construction  and  other  technical  details,  differed 
little  from  those  used  at  present. 

At  that  time  there  existed  many  technical  difficulties  in  the  manufacture 
of  the  gas  which  have  been  overcome  in  modern  generators.  Arnong  the 
irrprovements  in  modern  gas  plants  may  be  mentioned  a  steel  cylinder  for 
convenient  transportation  of  gas  at  high  pressure  to  the  field  of  operation. 

The  principal  requirements  in  balloon  construction  are — envelope  must 
be  gas  tight  and  water-proof,  the  netting  must  properly  fit  the  envelope, 
and  the  car  must  be  suspended  in  a  certain  position  fixed  by  the  shape  and 
dimensions    of    the    gas    bag. 

Among  the  methods  of  control  may  be  named  the  gas  valve  at  the  top 
of  the  envelope  for  controlling  the  escape  of  gas  from  the  car,  the  ballast, 
the  drag  rope  and  the  anchor,  all  of  these  seeminglv  crude  methods  of  con- 
trol permit  navigating  a  balloon,  by  taking  advantage  of  air  currents  at 
'different  elevations,  with  a  degree  of  precision  surprising  to  the  uninitiated. 

An  equipment  of  instruments  to  aid  navigation  is  provided,  such  as  the 
compass,  the  recording  barometer,  and  the  anemometer.  Among  these  there 
is  one  peculiar  to  ballooning  known  as  the  "  stotoscope  "  which  utilizes  the 
change  of  barometric  pressure,  due  to  a  change  of  elevation,  to  indicate 
by  the  motion  of  a  delicate  diaphragm  whether  the  movement  is  one  of  descent 
or  ascent. 

Dirigibles. — Although  attempts  to  construct  balloons  propelled  by  me- 
chanical means  were  made  over  fifty  years  ago,  it  is  only  within  compara- 
tively recent  years — since  the  advent  of  the  liquid-fuel  internal-combusion 
motor — that  such  efforts  have  met  with  practical  success.  The  envelopes 
are  invariably  elongated  in  a  horizontal  direction,  to  present  as  small  a  cross- 
sectional  area  as  possible  in  the  direction  of  motion.  The  best  known  and 
most  successful  of  these  are  those  built  by  Lebaudy  Parseval,  de  la  Vaulx, 
and  Zeppelin.  With  the  exception  of  the  last  these  all  have_  a  flexible 
envelope  like  a  balloon.  Zeppelin  differs  from  the  others  in  having  a  rigid 
envelope  and  is  a  most  interesting  achievement  in  extremely  light  con- 
struction. 

Dirigibles  are  without  exception,  exceedingly  susceptible  to  injury 
on  account  of  their  large  volume  and  extreme  lightness  when  anchored,  by 
any  sudden  gust,  or,  other  inclemencies  of  weather,  and  in  order  to  protect 
them  they  are  stored,  when  not  in  use,  in  air-ship  houses.     These  are  large 
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frame  structures  capable  of  swinging  about  a  pivot  in  order  that  the  opening 
may  be  made  to  face  various  points  of  the  compass  according  to  the  direction 
of  the  wind. 

Aeroplanes. — Ascentional  power  in  aeroplane  apparatus  is  secured  en- 
tirely by  the  application  of  mechanical  power ;  the  vehicle  itself,  though 
light,  being  quite  devoid  of  buoyancy  in  air.  The  principle  utilized  is  that 
when  a  plane,  or  a  slightly  curved  surface,  is  driven  through  the  air  in  a 
direction  having  small  inclination  to  the  direction  of  motion,  the  component 
of  air  pressure  perpendicular  to  its  direction  of  motion  is  far  greater  than 
that  required  to  drive  it.  Much  theoretical  investigation  and  many  experi- 
ments have  been  made  to  determine  the  more  effective  size,  shape,  and 
arrangement  of  an  aeroplane  to  obtain  a  maximum  lift.  Notable  among 
the  modern  experimenters  in  this  field  may  be  particularly  named  Maxim, 
Langley,  and  Lilienthal.  The  methods  of  the  latter  are  said  to  have  been 
followed  by  the  Wrights,  the  early  trials  of  which  culminated  in  their  undis- 
puted preeminence.  Their  successful  efforts  have  been  quickly  followed  by 
equally  remarkable  flights  by  Farnum,  Curtis,  Bleriot  and  others.  Aeroplane 
production  is  now  an  established  industry  in  Europe  and  equipment  and 
motive  power  peculiar  to  this  type  of  vehicle  may  now  be  purchased,  which, 
in  refinement  and  adaptability,  is  a  delight  to  the  mechanical  instinct. 

[Mr.  Post  elaborated  extensively  upon  all  the  topics  mentioned  in  this 
resume  and  illustrated  the  subject  by  a  large  number  of  lantern  slides  and 
moving  pictures  depicting  in  a  most  striking  manner  the  appearance  of 
dirigibles  and  aeroplanes  in  operation.] 


TITANIUM. 

USES    OF    A    RARE    METAL. 

The  use  for  titanium  which  gives  promise  of  greatest  expansion  is  in 
steel  and  cast  iron.  In  steel  it  is  ordinarily  added  in  the  form  of  ferrotitanium 
(containing  preferably  from  lo  to  20  per  cent,  of  titanium)  in  quantity 
sufficient  to  form  about  o.i  per  cent,  of  the  steel.  Rails  treated  with  titanium 
and  laid  in  places  on  railroads  where  the  wear  was  especially  hard  are 
said  to  have  shown  much  less  wear  than  untreated  rails.  Gray  cast  iron  also 
is  said  to  have  shown  beneficial  effects  from  such  treatment.  Cuprotitanium 
is  also  manufactured  for  use  in  bronze  and  other  castings  containing  copper. 
The  titanium  acts  as  a  deoxidizer,  much  like  phosphor-tin,  and  makes  very 
tough  castings.  Another  use  of  titanium  which  promises  to  assume  con- 
siderable proportions  is  the  manufacture  of  electrodes  for  arc  lights. 

Titanium  ore  in  the  form  of  rutile,  which  is  titanium  dioxide,  has  been 
mined  in  Nelson  County,  Virginia,  where  a  plant  has  been  erected  to  extract 
the  metal  from  the  ore.  Titaniferous  iron  ores  are  mined  in  New  York, 
Minnesota,  and  Wyoming. 

A  report  on  the  production  of  titanium  and  other  rare  metals  in  1908, 
prepared  by  Frank  L.  Hess,  has  just  been  issued  by  the  United  States 
Geological   Survey. 
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(Proceedings  of  the  stated  meeting  held  Wednesday,  November  17,   1909.) 

Hall  of  the  Franklin  Institute, 

Philadelphia,  November  17,  1909. 
I 

President  Walton  Clark  in  the  Chair. 

Addition  to  membership  since  last  report,  5. 

The  following  members  were  elected  to  the  Committee  on  Science  and 
the  Arts  to  fill  unexpired  vacancies :  To  serve  one  year  and  two  months — 
Carl  L.  E.  Schwartz ;  to  serve  two  years  and  two  months — Dr.  Henry  Leff- 
mann,   and  Dr.   Robert  H.   Bradbury. 

The  paper  of  the  evening  was  read  by  Dr.  Leo  H.  Baekeland  of  Yonk- 
ers,  New  York,  on  "  Bakelite  and  its  Applications." 

Bakelite  is  a  liquid  compound,  having  as  a  base,  phenol  and  formalde- 
hyde, which  on  solidification  resembles  amber  in  appearance  and  when  used 
in  combination  with  wood,  paper,  asbestos,  graphite,  and  other  substances, 
produces  a  solid,  non-resistent,  non-inflammable  insulating  material  which 
will  have  many  applications  in  the  various  manufactures.  The  subject  was 
illustrated  by  experiments  and  specimens  of  the  product. 

At  the  close  of  the  meeting  it  was  moved  and  seconded  that  the  subject 
be  referred  to  the  Committee  on  Science  and  the  Arts  for  investigation  and 
report.  After  a  brief  discussion  the  thanks  of  the  meeting  were  extended 
to  the  speaker  for  his  interesting  address.     Adjourned. 

James  Christy, 
Secretary. 


COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

(Abstract  from  proceedings  of  the  stated  me-eting  held  Wednesday,  Novem- 
ber 3,  1909.) 

Hall  of  the  Franklin  Institute, 

Philadelphia,  November  3,  1909. 

Mr.  J.  Y.  McCoNNELL  in  the  Chair. 

The  following  reports  were  presented  for  final  action : 

(No.     2432.)     Color      Photography. — Auguste      and      Louis      Lumiere. 

Adopted,  Elliott  Cresson  Award.) 

(No.    2457.)     Telelectric    Piano    Player. — John    F.    Kelly,    Timothy    B. 

Powers,  and  Major  R.  Jewell.     (Adopted,  John  Scott  Award.) 

R. 
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Bibliography  of  the  Cotton  Manufacture.  By  C.  J.  H.  Woodbury,  A.M., 
Sc.D.  Consulting  Engineer.  Secretary  of  the  National  Association  of 
Cotton  Manufacturers,  Boston,  Mass.  213  pages,  frontispiece,  8vo. 
Waltham,  Mass,  E.  L.  Barry,  1909. 

The  volume  contains  over  5000  references  to  the  literature  of  cotton 
manufacture  and  related  subjects. 

Works  in  many  languages  are  included — we  note  titles  in  English, 
German,  French,  Spanish,  Italian  and  Norwegian. 

Ten  pages  are  devoted  to  an  extensive  list  of  periodicals,  directories 
and  dictionaries. 

It  is  surprising  to  learn  that  so  much  has  been  written  on  the  subject — 
there  are  820  entries  under  the  headings  Cotton  Manufacture,  and  874  titles 
in  the  division  Finishing. 

Librarians  and  persons  interested  in  textile  matters  will  find  the  book 
useful  for  reference.  R. 

Mesures  £lectriques — Stalons  et  Instruments,  Essais  Mecaniques, 
Photomecaniques,  Magnetiques  et  Electriques — Applications  aux 
LiGNES,  Gener.\teurs,  Moteurs  et  Transformateurs.  Legons  donnees 
a  ITnstitut  filectrotechnique  Montefiore  par  Eric  Gerard,  Directeur  de 
cet  Institut,  Ingenieur  principal  de  telegraphes,  Professeur  a  I'Universite 
de  Liege.  Third  edition,  ix  +  702  pages,  9x6  inches  with  304  figures. 
Price,  paper  covers,  12  francs.     Gauthier-Villars,  Paris,  1908. 

The  extensive  field  covered  by  this  treatise  as  indicated  in  the  title, 
"  Methods  of  Procedure  Evolved  from  Theoretical  and  Practical  Considera- 
tions," and  the  description  in  detail  of  apparatus,  make  it  not  only  efficient 
reference  work  for  the  experimenter  but  also  a  valuable  text  for  the  system- 
atic study  of  the  subject. 

The  work,  now  in  its  third  edition,  has  been  thoroughly  revised  to 
keep  pace  with  the  present-day  rapid  progress  and  refinement  of  electrical 
science.  Professor  Gerard's  "'  Legons  sur  I'filectricite  "  is  widely  known  among 
English-speaking  electrical  engineers  to  which  this  more  recent  work  by  its 
eminent  author  constitutes  a  worthy  sequel.  L.  E.  P. 

Canada,  Department  of  Mines,  Mines  Branch.  Report  on  the  Chrome 
Iron  Ore  Deposits  in  the  Eastern  Townships,  Province  of  Quebec.  By 
Franz  Cirkel,  M.E.  141  pages,  illustrations,  plates,  8vo.  Ottawa,  Gov- 
ernment Printing  Office,  1909. 

In  the  last  few  years,  owing  to  the  rapid  development  of  the  iron  and 
steel  industry  in  Canada,  more  than  ordinary  interest  has  been  manifested 
by  the  mining  and  metallurgical  public  in  respect  to  the  Canadian  deposits 
of  raw  materials  and  ores,  which  enter  into  the  manufacture  of  iron  and 
steel  products.  To  meet  the  demand  for  information  on  these  subjects,  the 
Mines  Branch  has  undertaken  to  issue  a  series  of  reports  on  the  Canadian 
deposits  of  the  substances  which  form  the  basis  of  the  iron  and  steel  industry. 
Several  reports  on  iron  ores  and  one  on  tungsten  ores  have  already  been 
issued  and  the  present  report  is  another  of  this  series. 

The  scope  of  the  report  on  the  chrome  iron  ore  deposits  is  best  judged 
by  quoting  the  Table  of  Contents,  which  is  as  follows  : 

"  Introduction ;  Chapter  I,  Historical ;  Chapter  II,  The  Chrome  Iron 
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Ore  Deposits  of  Canada:  Chapter  III,  Mining  of  Chrome  Iron  Ore;  Chapter 
IV,  Dressing  for  the  Market;  Chapter  V,  Market  Prices,  and  Status  of  the 
Canadian  Industry;  Chapter  VI,  Chrome  Iron  Ore  Mines — Prospects  in 
Canada ;  Chapter  VII,  Chrome  Iron  Ores  in  Foreign  Countries ;  Chapter  VIII, 
Origin;  Chapter  IX,  Composition  of  Chrome  Iron  Ores;  Chapter  X, 
Statistics  and  Chronology;  Chapter  XI,  Determination  of  the  Value  of 
Chromium;  Chapter  XII,  Uses  of  Chromium;  Chapter  XIII,  Technology 
of  Chromium  and  its  Compounds;  Appendix  II,  Experiments  with  Chromite 
at  McGill  University ;   Bibliography." 

The  report  is  well  illustrated  by  plates  in  half-tone,  and  diagrams,  maps 
and  drawings.  The  author  of  the  report,  Mr.  Fritz  Cirkel,  Mining  Engineer, 
was  entrusted  with  the  work  on  account  of  his  long  connection,  as  consult- 
ing engineer,  with  the  chromite  and  the  asbestos  industries.  The  deposits 
of  these  two  substances  in  the  province  of  Quebec  occur  in  the  same  region, 
and  the  origin  of  both  is  closely  connected  with  the  serpentine  rocks  of  the 
Eastern  Townships.  R. 

Tables  and  Other  D.'\ta  for  Engineers  and  Business  Men.  Compiled 
by  Chas.  E.  Ferris,  B.S.,  Professor  of  Mechanical  Engineering,  Univer- 
sity of  Tennessee.  Published  by  the  University  Press,  Knoxville,  Tenn, 
Thirteenth  edition,  165  pages,  3x6  inches,  leather.     Price  fifty  cents. 

The  avowed  object  in  preparing  this  manual  is  to  secure  a  medium 
whereby  the  strongest  possible  arguments  in  favor  of  technical  education 
as  a  means  of  developing  our  resources  may  be  brought  before  the  minds 
of  men  who  control  the  affairs  of  the  South.  Pursuant  of  this  object,  the 
work  is  prefaced  by  an  account  of  the  organization,  the  courses,  and  oppor- 
tunities at  the  university.  The  subject  matter  is  similar  to  that  ordinarily 
found  in  the  usual  standard  reference  books  devoted  to  mechanical  engineer- 
ing, though  necessarily  of  much  less  scope,  due  to  its  diminutive  volume.  A 
book  of  this  kind  within  convenient  reach  should  receive  frequent  consul- 
tation and  prove  an  efficient  vehicle  in, promoting  and  extending  the  work 
of  the  university.  L.E.P. 

Elementary  Electrical  Calculations  :  A  manual  of  simple  engineering 
mathematics,  covering  the  whole  field  of  direct-current  calculations,  the 
basis  of  alternating-current  mathematics,  networks  and  typical  cases  of 
circuits,  with  appendices  on  special  subjects.  By  T.  O'Conner  Sloane, 
.A..M.,  E.M.,  Ph.D.  X  +  304  pages,  5x8  inches,  cloth.  D.  Van  Nostrand 
Company,  New  York.     Price,  $2.00  net. 

The  scope  of  this  book  is  described  in  the  title.  This  purpose  stated  by 
the  author  is  to  give  in  simple  form  what  may  be  termed  a  foundation  for 
the  study  of  electrical  calculations.  It  will  probably  find  its  greatest 
value,  first,  among  beginners  who  have  a  reasonable  working  knowledge  of 
elementary  mathematics  and,  again,  among  a  large  class  of  engineers, 
who,  exclusively  devoted  to  practice  along  other  lines  of  industry,  will  be 
glad  to  have  at  hand  a  book  in  which  the  process  of  solution  of  an  electrical 
problem  may  be  quickly  found.  The  book  is  well  arranged  for  systematic 
study  and  contains  a  generous  number  of  classified  problems  at  the  end  of 
each  chapter.  It  should  appeal  to  all  who  require  a  thoroughly  practical 
course  in  elementary  electric  calculations.  L.E.P. 
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POPULAR  SCIENCE  LECTURES. 

The  Journal  desires  to  call  the  attention  of  its  readers  to  the  Course 
of  Popular  Lectures  being  given  this  winter  at  Witherspoon  Hall,  Walnut 
and  Juniper  Streets,  Philadelphia,  under  the  auspices  of  the  Franklin 
Institute. 

The  first  lecture  on  October  15,  was  by  Mr.  Augustus  Post,  Secretary 
of  the  Aero  Club  of  America.  His. subject  was  entitled  "Navigating  the 
Air."  An  audience  of  upwards  of  1000  people  listened  to  this  interesting 
lecture  which  was  illustrated  with  lantern  slides  showing  the  various  types 
of  Air-ships  in  motion,  as  well  as  descriptive  slides  of  the  Aviation  Meeting 
held  last  summer  at  Rheims,  together  with  other  lantern  projections  of 
the  most  important  parts  of  flying  machines. 

On  Friday,  November  12,  the  second  lecture  of  the  Course  was  given 
by  Mr.  Paul  F.  Bauder,  of  Cleveland,  Ohio.  Mr.  Bauder  is  identified  with 
the  National  Electric  Lamp  Association  and  well  qualified  to  speak  on  the 
subject  matter  of  his  lecture,  "The  Quality  of  Light."  The  lecture  was 
profusely  illustrated  by  colored  lantern  slides  and  other  pictures  descriptive 
of  his  subject. 

The  next  lecture  will  be  on  Friday  evening,  December  10,  and  the  sub- 
ject chosen  is  entitled  "  Perils  of  Peace,  or  a  Safer  America."  The  lecturer 
is  Dr.  W.  H.  Tolman,  Director  of  the  Museum  of  Safety  and  Sanitation, 
and  one  of  the  Delegates  to  the  International  Medical  Congress  held  last 
summer  at  Buda-Pesth,  where  he  presented  a  paper  on  the  scope  and  object 
of  his  Museum  which  received  the  strong  endorsement  of  the  Congress. 
In  this  country  he  has  the  support  and  encouragement  of  such  well-known 
men  as  Elbert  H.  Gary,  Richard  Watson  Gilder,  Philip  T.  Dodge,  Thomas 
Darlington,  and  many  other  equally  prominent  and  well-known  gentlemen. 

On  the  evening  of  Friday,  January  28,  1910,  Mr.  Logan  W.  Page,  Director 
of  the  Office  of  Public  Roads,  Washington,  D.  C,  will  give  an  interesting 
address  on  "  Road  Administration  and  Maintenance."  The  speaker,  who  is 
thoroughly  conversant  with  the  details  of  highway  construction  and  main- 
tenance, will  describe  the  work  which  is  being  carried  on  at  home  and  abroad 
in  this  timely  branch  of  engineering. 

Dr.  Robert  H.  Bradbury  of  the  Southern  Manual  Training  High  School 
of  Philadelphia  will  speak  on  Friday,  February  11,  1910,  on  the  "Recent 
Methods  for  the  Production  of  Li^ht."  During  the  course  of  the  lecture 
the  recent  illuminants — the  Welsbach  light,  tantalum,  tungsten,  and  Nernst 
lamps,  the  Macfarlan  Moore  vacuum  tube,  the  Cooger-Hewitt  lamp  and  the 
flaming  arc — will  be  shown  in  operation. 

The  closing  lecture  of  the  season  will  be  held  on  Monday,  March  14, 
1910.  On  this  occasion  Messrs.  W.  N.  Jennings  and  Charles  K.  Stokes  will 
describe  their  most  recent  journey  and  will  show  a  series  of  new  photographs. 
Mr.  Jennings  has  taken  part  in  the  Popular  Science  Courses  for  many  years 
and  is  known  to  all  the  members  of  the  Institute. 

It  is  the  earnest  desire  of  the  Committee  on  Instruction  that  the  mem- 
bers and  friends  of  the  Franklin  Institute  will  use  their  endeavors  to  give 
these  lectures  a  large  attendance.  The  subjects  are  all  attracting  much 
attention  iust  at  present  throughout  the  entire  country  and  the  qualifications 
and  standing  of  the  speakers  should  insure  well-filled  houses.  Members 
of  the  Franklin  Institute  should  avail  themselves  of  the  privilege  of  their 
membership-cards  and  attend  these  lectures.  They  will  all  be  illustrated  with 
lantern  slides,  and  Witherspoon  Hall,  in  which  they  will  be  given,  is  most 
attractive  and  comfortable.     Tickets  can  be  had  by  applying  at  the  Institute. 

The  Editors. 
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